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Mission Statement

At MATCO Services we are fully
commiitted to providing practical,
innovative, high quality and cost
effective solutions to our clients
as quickly as possible.
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Knowledge is Key
by M. Zamanzadeh, Ph.D., FASM, FNACE

The building of a successful enterprise depends on factors such as hard
work, perseverance, determination and drive. But after considerable
thought I've come to the conclusion that more important than all of
these is the pursuit of knowledge.

There are two types of knowledge. The first type can be acquired
through books or technical articles or from other academic sources.
This knowledge is usually taught at local colleges or universities. This
academic knowledge can be classified, codified and communicated
easily to other people. But, while this type of knowledge is invaluable,
it cannot stand alone.

The type of knowledge necessary to successfully build a consulting and
engineering firm is gained through education, plus work experience,
know-how, intuition and creativity. MATCO uses this second type of
knowledge to distinguish itself from its competitors. It does this most

Left: Team Members
Walter Gretz, PE, Senior
Manager; Carolyn Tome,

Controller; Dr. Zee,, General
Manager; and Debra Riley,
Manager, Sales & Marketing

particularly through our people’s exceptional understanding and
insightful knowledge of materials. The process of acquiring insightful
knowledge is an ongoing, lifelong activity not limited to merely
reading books, using the internet, going to college or even obtaining a
Ph.D. Acquisition of insightful knowledge cannot be defined by any
one process; rather it is a combination of involved life experiences
leading progressively to a better and better ability to solve problems, to
see the “big picture” and to having the intuition required to resolve
complex engineering problems. Finding solutions to complicated
materials problems can best be achieved in an environment that is
conducive to the acquisition of higher knowledge.

I am proud to say that MATCO offers an environment that fosters the
pursuit of knowledge. We provide employees with the opportunity to
cultivate and develop insightful knowledge. This type of environment,
when combined with MATCO's state of the art equipment, enables
employees to respond intelligently to a client’s technical needs, and
provides the basis for MATCO'’s competitive edge.

The human factor is, of course, significant. And it occurs to me that
MATCO'’s edge also stems from the ability of MATCO’s employees to
take these unique experiences and this insightful knowledge, and work
as a team to reach a common goal. Knowledge, when combined with
teamwork, is indeed the determining factor as to whether a consulting
firm will succeed and whether it will ever acquire and maintain the
edge.
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Welcome o

MATCO has created a niche in the market by offering efficient and creative problem
solving abilities, rapid turn-around times, and a fully equipped lab boasting state-of-

SERVICES

e Failure Analysis
* Corrosion Testing

* Metallurgical
Testing

* Paint & Coatings

* Cathodic Protection
* On-Site Inspections
* NDT Testing

* Materials Testing

* Mechanical Testing

¢ Environmental
Testing

* Forensic Engineering
* Product R&D

* Quality Control

e X-Ray Diffraction

* Tier Inspections

* Tier Testing/Paints
and Coatings

* Supplier Qualification

Aerospace Industry

AEROSPACE
CAPABILITIES

* Chip Analysis
¢ Fuel Contamination

e Turbine/Compressor
Blades

* Engine Bearings

¢ Stress Corrosion of
Landing Gear

e Avionic Components
* Electronics

* APU Components

* Flight Control Cables
* Fuselage

the-art equipment including:

Pitting Corrosion

Stress Corrosion

-

Scanning Electron Microscopes (SEM) equipped
with EDS to evaluate surfaces at high
magnifications for fracture modes, defects,
contaminants and corrosion products.

Portable X-Ray Fluorescence (FP-XRF) quickly
determines alloys present in materials and whether
a given component is in accordance with
specification.

X-Ray Diffraction Unit (XRD) provides XRD
sampling, diffraction data collection strategies,
powder diffraction data acquisition, and data
analysis.

Auger Electron Spectroscopy (AES) excites Auger
electrons on a sample surface with an electron
beam to characterize the top 50 Angstroms of the
sample.

FTIR spectrometer for identification of organic
contaminants, oils, paints, and fibers.

MATCO has collaborated with the FAA and Designated Engineering Representatives
(DER’s) to provide top-of-the-line failure analysis and materials testing to the airline
industry for many years. Our experienced engineers and specialists have determined
the root cause of failures and responded expeditiously and efficiently in an
impressively broad area of aircraft applications. MATCO Senior Team members shown

MATCO Senior Teamn members shown above left to right: ¢ .
Dr. George Bayer, Geoff Rhodes, Ed Larkin, Dr. Donald Gibbon, €Xperience  1n

Dr. Zee, and Walter Gretz.

in the photograph at left
includes Dr. George Bayer,
Paint & Coatings Group
Manager; Mr. Geoff Rhodes,
Corrosion &  Cathodic
Protection Group Manager;
Ed Larkin, Senior Manager;
Dr. Donald Gibbon, Micro-
characterization Specialist;
Dr. Zee, General Manager;
Peter Kosslowsky (friend)
and Walter Gretz, PE., Senior
Manager, have extensive
materials
testing and failure analysis.
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Farllure

Identifying the Root Cause of Failure

When a product or process fails to
perform as intended, it is vital to
determine the root cause of failure.
Pinpointing potential ~weaknesses
through root cause failure analysis can
provide the information needed to
make informed and intelligent
decisions. Failure analysis can also
reduce reoccurring failures, thereby
reducing maintenance costs.

Proper examination of failed materials
requires the use of special skills and
laboratory equipment not commonly
available to engineers outside the field
of materials engineering.

Our scientists and engineers provide
practical, insightful solutions to many
of the failures that products encounter.
From human implants to jet engines,
our staff has proven itself to be
dependable, professional, and
expeditious.

Kevin Groll, Mechanical Engineer

MATCO is dedicated to resolving
materials issues with the least amount
of interference to your process. Our
NACE Certified Scientists, Engineers
and Technicians can be called upon at a
moment’s notices to assist you with
your technical needs. Rush services
available at your request.

A broken crane shaft, after

instantaneous fracture as a result of

heavy overload.

FAILURE ANALYSIS

* Metallurgical Testing

* Electron Microscopy

* Non-Destructive Testing
* Mechanical Testing
 Corrosion Investigations
* Paint & Coatings

e Chemical Analysis

* Forensic Investigations

e Litigation Support

* Finite Element Analysis
* Auger Analysis

* X-Ray Diffraction

* Root Cause Analysis

* Client Representation

* Training Seminars

Solving Failures with Finite Element Analysis

The finite element method is a
powerful numerical tool for
analyzing mechanical components
and systems. The representation of a
component or system mathe-
matically with finite element,
generally involves a dissection of
the structure into many small pieces
(e.g. small brick-like elements). The
solution to the equations that
govern the behavior of the structure
are approximated on each and every
brick. The collective effect of all the
bricks is taken into account during a
step that synthesizes the solutions
for each brick to one solution valid
for the entire structure. This global
solution represents the solution to
the equations that govern the
structure’s behavior. The finite
element method provides an
accurate tool to predict component
response, elastic or non-linear
plastic, subjected to thermal and
structural loads. Thermal analyses

may include convection, con-
duction, and radiation heat transfer,
as well as various thermal transients
and thermal shocks. Structural
analyses may include all types of
constant or cyclic loads, mechanical
or thermal, along with non-
linearities, such as opening/closing
of contact surfaces, friction, and
non-linear material  behavior.
MATCO can provide engineering
calculations and finite element
analysis to solve engineering
problems such as:

* Design of a new component or
assembly

* Analyzing an existing component
or assembly

* Life assessment of a component or
assembly

* Determining the failure mode of a
failed component or assembly
(e.g. fatigue, creep, and buckling)
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Corrosion

M tendency o pitting
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Type 304 Staindess Steel Alloy

The Electrochemical Measurement System
identifies whether a certain alloy, such as
nickel or stainless steel, will pit in corrosive
environments.

The results obtained from EIS
testing are representative of the
long term performance of an
organic coating and are invaluable
in materials selection.

Determining Corrosion Rates

In keeping with our commitment
to provide our clients with a lab
that is scientifically up-to-date,
MATCO has acquired some of the
latest and most versatile tools
used in corrosion technology.

The Gamry Instruments
Electrochemical Measurement
System and the Princeton

Corrosion Measurement System
provide accurate and dependable
data that can be used in corrosion
investigations, the selection of
materials for corrosive
environments, and the prevention
of corrosion failure.

The electrochemical AC/DC
polarization technique analyzes
materials quickly, and can
accurately identify the corrosion
rate and the pitting potential, as
well as perform other related

Our Fully-Equipped Corrosion Lab can Perform Testing on all
Aspects of Corrosion and Environmental Behavior Including:

Intergranular)

* Fatigue

* EIS Testing

¢ Slow-Strain-Rate

* Tensile Testing

e General Corrosion
* Localized Corrosion ( Pitting, Crevice,

* Stress Corrosion Cracking

* Immersion Corrosion

* Salt Spray Testing

* Humidity Chamber Testing

* High Temperature Oxidation Studies
* Environmentally-Assisted Cracking

functions. One of the most widely
used applications for this
technique is FElectrochemical
Impedance Spectroscopy (EIS)
testing, which can be used for
accelerated evaluation of coating
degradation rates and the
integrity of coatings .

The results obtained from EIS
testing are representative of the
long term performance of an
organic coating and are
invaluable in materials selection.

This multipurpose system is a
substantial addition to our lab,
which already includes full
immersion and environmental
testing capabilities.

At MATCO, we strive to assist

you in making the best choices for
your material and coating needs.

APPLICATIONS

* Determining Corrosion
and/or Pitting Potential

e Corrosion Behavior
Diagrams

* Electrochemical
Impedance
Spectroscopy (EIS)

¢ Polarization Resistance
Potentiodynamic

¢ Reactivation
Pp/Ec Trend
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Metallurgical

Processing metals and their alloys to obtain certain hardness,
strength or ductility characteristics requires rigid adherence to
various specifications to avoid failure. For instance, in the steel
forming process, content largely dictates the end characteristics,
although one must also monitor the temperature diligently during
each subsequent forming, quenching and tempering process.
Allowing the steel to cool inappropriately can result in slack
quenching/explosion. Similarly, by overheating steel during
tempering operations, one will produce a grade of steel without
ductility, a steel unsuitable for structural applications.

Typically, manufacturers employ quality control personnel to
prevent failures. However, retaining a full service laboratory for
chemical analysis, microstructural evaluations, accelerated testing,
mechanical testing or other analyses is extremely costly. Therefore,
the trend has been to outsource routine testing to independent
metallurgical laboratories and to focus internal staff and energies on
process control. Many corporations have discovered that this is more
cost effective because the rate of failure decreases, presumably as a
result of the division of labor, and the cost of maintaining a separate
testing facility is minimized.

MATCO is able to provide an array
of routine testing services ranging
from failure analysis to chemical
analysis for the identification and
prevention of failure.

It is the intent of these services to
minimize failure in the long run for
the process industry and to develop
a close working relationship
Cross-section of a copper between  firms in  which
R T g T R T information flows rapidly and
micro-structure. freely.

Similarly, MATCO is involved in the on-site design, implementation
and maintenance of quality control programs for the process
industry.

This has allowed corporations to avoid serious mistakes in materials
selection or inappropriate design well in advance. For instance, a
company was experiencing non-uniform plating thicknesses due to
a contaminated bath, or so they had thought.

In fact, MATCO discovered that although certain trace elements
were present in the bath, the root cause of failure was a design in
which some surface areas were overly accessible, while certain
interior portions were almost completely inaccessible. To solve the
problem, shields and auxiliary anodes and cathodes were used in
the redesign to improve the throwing power of the bath to achieve a
more uniform plating thickness.

Scanning Electron Microscope (SEM)
eliminated the depth of field problem in light
microscopes. Pictured are classic Cup-and-Cone
tensile fractures in steel wire. Note the very
high depth of field with the sample surface in
focus throughout the image.

X-Ray Diffraction (XRD)

T

XRD has been used for many years to
determine the diffraction properties of solid
materials. Crystalline materials have
characteristic diffraction patterns. MATCO has
current libraries of those patterns for
identification of unknown materials, including
minerals, metals, corrosion compounds and
polymers.

Our diffractometers include Siemens and
Phillips instruments. One unit includes
platinum and vacuum furnaces capable of
temperatures of 1600°C and 2000°C
respectively.

B o S e e T L e R ! i

Another unit has a thin film attachment and an
Eulerian cradle useful for the study of
crystallographic textures and the
determination of pole-figures.
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Metallurgical

SEM /EDS Analysis

By examining the external char-
acteristics of damaged or fractured
surfaces, one can address con-
ditions prior to and present at the
time of failure.

For instance, it is possible to
determine:

* Level of loading present
at the time of failure.

¢ Whether localized
defects exist.

e To what extent these
conditions may have
contributed to the failure.

Characterizing failure conditions
such as these and determining the
root cause of failure is accomp-
lished with high resolution, high
magnification imaging made

materials is available to our
clientele 24 hours a day, 7 days a
week. Our SEMs have magnifi-
cation capabilities beyond 25,000x
and are calibrated annually to
ensure accurate testing results.

In addition, our SEMs are
equipped with Energy Dis-persive
X-Ray Spectrometers (EDS) for
determining  the  elemental
composition of samples analyzed
by the SEM.

Our EDS units can detect low
atomic weight elements such as
carbon, oxygen, and nitrogen. The
EDS can furnish single point
spectra, line scans, or elemental

mapping,.

Quantitatvie EDS results can be
provided by either standardless
analysis or with reference

SEM micrograph illustrating corrosion pitting
caused by chlorides in water.

IDENTIFY & ANALYZE

e Causes of failures
* Corrosion products

* Elemental compositions of
contaminants

* Damaged surfaces

* Discoloration and staining

possible by Scanning Electron standards.
Microscopy (SEM). This powerful

analytical technique for examining

Auger Electron Spectroscopy Non-Destructive Testing (NDT)

Auger electron spectroscopy
(AES) uses the weak Auger
electrons excited in a sample
surface by an electron beam
to characterize the top 50
Angstroms of a sample.

e, [
'{t'!' L el AES systems operate at

Dr. Donald Gibbor ultra-high vacuums, com-
parable to the vacuum of outer space. The vacuum is
created by a combination of turbo-molecular pumps and
a large main ion pump.

At these vacuum levels surface oxidation rates are
drastically reduced, meaning that it’s actually possible to
look at a fresh unoxidized metal surface.

e Cracks, breaks and defects

MATCO provides onsite non-destructive testing of materials and
field inspection of bridges and buildings. A Krautkramer ultrasonic
thickness gauge is used to measure wall thicknesses onsite on a wide
range of components, including tubes, pipes, pressure vessels, and
other equipment subject to thickness loss. A portable Parker
magnetic particle probe is used to detect surface defects, subsurface
defects and demagnetizing after inspection in ferro-magnetic
materials with exceptional precision.

Other non-destructive capabilities that MATCO can provide are:
radiography for detecting imperfections with penetrating gamma or
X-radiation; fluorescent, visible and post emulsification penetrant
inspections; surface profile and dry film thickness (DFT) coating
inspection; weld evaluations; and high strength bolt inspection and
testing. Our inspectors are ASNT Level 2, AWS-CWI, AWS, ASNT,
ASME, API, AASHTO, SSPC, ASTM, AISC, BOCA certified.
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Paints & Coatings

SEM image at 200x magnification
showing outgassing defects in coating.

A tremendous amount of financial loss
is incurred every year as a result of
premature failure of paints and
coatings. The cost to repair such
failures far outweighs the initial cost of
painting due to the extreme cost and
liability associated with excessive
rigging and downtime to correct the
problem.

MATCO’s Coatings and Analytical
Chemistry Division is there to resolve
coating failures. Our expertise sets us

Not Just Failure Analysis

Although when many people think of
MATCO they think about our
reputation for failure analysis, don't
forget about our routine paint and
coating testing services. We perform a
wide array of standard ASTM
procedures such as, adhesion, impact
resistance, flexibility, weight solids,
and VOC content, in addition to our
many corrosion and accelerated
weathering tests.

There are many reasons to do
laboratory testing of paint and
coatings. First of all, your client may
require it. Not only do many

Failure Analysis of Coatings

apart from other laboratories. We have
SSPC and NACE certified
professionals who know which
techniques provide the most useful
information given the failure and can
therefore, eliminate unnecessary
testing costs.

For example, gas chromatography is
excellent at detecting solvents, but
would be of little use in determining if
an alkyd resin failed by saponification.
These insights alone could save you a
lot of unnecessary effort and expense,
simply by selecting the right test.

EIS testing is an important part of
Tier Testing for Supplier
Qualification

government agencies insist on inde-
pendent third party testing, but some
private sector corporations do as well.

Secondly, if you are an end user and
are faced with trying to decide whose
paint to use, independent laboratory
testing can take much of the
uncertainty out of the decision.
Although laboratory testing cannot
actually predict how long a coating
will last, a properly designed testing
program can identify which coating
will perform the best.

COATING
CAPABILITIES

Failure Analysis

¢ Fourier Transform Infrared
Spectroscopy (FTIR)

* Scanning Electron Microscopy
with Energy Dispersive X-Ray
Spectroscopy (SEM/EDS)

* Light Microscopy with Image
Analysis System

* Electrochemical Impedance
Spectroscopy

* Visible Spectroscopy
* Chromatography

* Thermal Analysis

* Wet Bench Testing

MATCO Tier Testing
* Supplier Qualification
¢ Standardized Assessment
* ASTM / NACE / SSPC
¢ Economical & Unbiased

Standard Tests
* Salt spray (ASTM B117)

* QUV Accelerated Weathering
(ASTM G 53)

* Humidity Testing
(ASTM D 4585)

* Adhesion Testing
(ASTM D 3359, D 4541)

* Prohesion/QUV
(ASTM D 5894)

e Abrasion Resistance
(ASTM D 4060)

* Impact Resistance
(ASTM D 2794)

¢ Chemical Resistance
(ASTM D 1308)

e VOC Content
(EPA 24/ ASTM D 3960)

* EIS Testing
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Cathodic

Design, Installation, Monitoring & Trouble-Shooting

Below your feet there is a world of pipe,
cable, communication and signal lines
that stretch across 1,155,000 miles of
American soil. Add to that an unknown
number of storage tanks and other
metallic structures, and you have a maze
of metal of which most will not even be
aware until something goes wrong. If
your industry depends on the
functioning of underground components,
chances are you are already acquainted
with cathodic protection (CP). CP can

reduce the rate of corrosion by shifting
the electrode toward a less oxidizing
corrosion potential by applying an
external emf (pumping electrons). In
layman’s terms, a uniform and corrosion
resistant coating is achieved by applying
a negative current to the structure. There
is not much argument, at least in the oil
and gas industry, about the effectiveness
of cathodic protection for extending the
life of wunderground facilities and
safeguarding against corrosion attack.
For years, these industries have relied
upon cathodic protection to minimize the
catastrophic results that corrosion attack
can have upon their miles of pipeline,
allowing them to build in environments
unimaginable before the advent of such
technology. At MATCO there are four
NACE certified cathodic protection
specialists with design, installation,
maintenance and failure analysis
experience for the oil & gas, refining,

Pole, Lattice, Tower & Anchor Rod Inspection

MATCO wuses a "tier" approach to
assess the condition of poles,
transmission towers, lattice struc-
tures and anchor rods. Each tier
provides a set of assessment
procedures that becomes increas-
ingly more comprehensive. Tier
testing ensures unnecessary work is
not performed, increases reliability
of inspected structures, and keeps
costs to a minimum to the client.

Tier 1 protocol is designed to identify
below grade structures that may be
at risk for corrosion or if corrosion
has occurred, and if so, determine
the next action required. Tier 2
protocol is designed to evaluate a
structure's remaining life expectancy,
while Tier 3 protocol involves a
galvanic cathodic protection system
design and installation or repair.

off Rhodes,
Corrosion Group Manager

production and transportation industries.
Our experts can implement and analyze
galvanic and rectifier cathodic protection
systems according to your specifications
at a competitive price. Computerized
close interval surveys, detailed
inspections, and advice for selecting the
right inhibitors for cathodic protection
systems are also available at MATCO.

Pack-out formation between
weathering steel joints.

MATCO's  Certified  Cathodic
Protection Specialists can provide
recommendations and assistance for
installation or repair of a cathodic
protection system if need be.
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Mechanical
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Tensile, bend, shear, fatigue and impact testing of metals,

plastics and composites can be performed with results
generated by computer.

Performance depends heavily upon mechanical properties.
Insufficient strength or incorrect ductility, or hardness
characteristics, often shorten the life of assets and in some cases,
contribute to large-scale failure. Low ductility values in high
strength structural steel, for instance, contributes to the
devastation of earthquake damage. Simply, this form of steel is
not designed to tolerate excessive movement or vibration. When
conducting failure analyses, often the first question to ask is,
“Are design, operating conditions or the material at fault?”
Mechanical testing can answer some of these questions. Tensile
and hardness tests can be performed to determine strength.
Fatigue tests can determine excessive wear or operating
conditions. Impact tests can be performed to approximate
ductility or brittleness. Multifactor models such as Thermal
Fatigue testing and high temperature gas/liquid Corrosion
Cracking studies mimic environmental and complex failure
conditions. Whenever the integrity of materials is in question,
MATCO is there to provide the answers.

HARDNESS TESTERS

e Wilson Rockwell hardness testers with brale & ball
indenters (1/2,1/4, 1/8th and 1/16th inch)

e Shimudza HMV-2000 Microhardness Measurement
Unit with Vickers, Knoop and Triangular Pyramid
Indentors

¢ [eitz Miniload microhardness tester
¢ Wilson Tukon microhardness tester
* GRC handheld hardness tester

EQUIPMENT

Universal Testing

Servo-Hydraulic Instruments

* Instron Model 1333 with 110 kips
capacity

* Instron Model 1332 with 20 kips
capacity

* Instron Screwdriven system Model
1011(5 machines) with 20,10 and
1 kip capacity

* Ametaco Model with 250 kips
capacity

Mechanical Testing
Impact - Fatigue - Wear & Friction
Testing

* Fatigue Dynamics Rotating Beam
Machine with ability to perform tests
at elevated temperature or with
your specific corrosive environment®

* Fatigue Dynamics Bending Machine
Model VSS-40H

* Coring Machine for Wear and
Friction Tests

* Satec, Impact test (5-320 ft-1bs):
Instrument Impact test

Software

e MTS and Test Works 2.0 software for
ASTM standard tensile, compression,
3-point bend, 4-point bend, and peel
tests

* High or low cycle fatigue and
fracture mechanics testing software

* Dynatup 730 software for impact
testing
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Electronics

Electrical contacts, microelectronic circuits, and connectors found in common
electronics are extremely sensitive to surface contamination associated with
corrosion attack. The presence of less than 1 microgram of corrosion product
on the surface of a connector is in some cases a sufficient amount to interrupt
the flow of electrons between mating contacts, thus rendering the component
useless. Surface contaminants that affect the functioning of electronics are
virtually everywhere: plant environments, areas with high levels of air
pollution, storage areas, industrial settings, business offices and humid
environments.

Left, Photomicrograph
showing dendritic growth
that resulted in
shortcircuiting in a printed
wiring board. Dendrites,
commonly referred to as

4 whiskers, readily grow on the
surface of electronic circuitry,
especially with the trend
towards higher component
density and faster signal
processing.

The damage to circuit board components resulting from corrosion attack is
irreparable and compromising to the reliability of electronic devices. That’s
why environmental testing of electronics and the development of corrosion
prevention and control programs is fast becoming a necessary precaution in
product development. To evaluate and safeguard your electronics investment
from surface contamination and corrosion attack, an established testing
procedure referred to as the Mixed Flowing Gas (MFG) Test (ASTM B-845), can
be performed.

As one of the handful of laboratories in the country with the capability to
perform MFG testing, MATCO has a distinct in-house advantage. Our
exceptional turn around time, quality technical reports, and competitive prices
for evaluations of this nature provide a comprehensive package that can’t be
beat. MATCO's experienced team of professionals includes NACE Certified
Corrosion/Coatings/Materials Specialists, Professional Engineers, Analytical
Chemists, Materials Scientists, Paint & Coating Specialists and Ph.D.s. that
have been conducting failure analyses and accelerated corrosion testing for
many years. MATCO can also design and evaluate corrosion control
systems/quality control programs for most manufacturing processes, in
addition to our full failure analysis services. Contact us today to begin work
on your electronic components, and take the first step in protecting your
electronic investment.

MFG TESTING

Devices are tested within an
enclosed chamber and are
exposed to common pollutants
such as hydrogen sulfide,
sulfur dioxide, chlorine and
nitrogen dioxide for a mini-
mum of 4 days and a maxi-
mum of 30 days per ASTM B-
845.

In addition to evaluation of
contact materials and micro-
electronics in electronic
devices, MFG tests may also be
used to evaluate layers of new
coating materials on a support-
ing substrate, reduced coating
thicknesses, or protective
surface treatments.

TESTING & SERVICES

* Magnetic Testing

* Prohesion/QUV (ASTM
D5894)

* Thermal Cycling(-30° C to
440° C)

e Surface Contamination
Studies

* Corrosion Testing

* Failure Analysis

* Materials Selection

* Research & Development

* Custom Testing
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Environmenital

As a leading corrosion and coatings testing laboratory, MATCO has
performed hundreds of accelerated tests and has on occasion built chambers
specific to the needs of our clients for projects that lie outside the norm. In
general, though, our accelerated environmental services are used to:

* Determine product reliability

* Perform cost analysis & other financial evaluations
* Identify areas of improvement or replacement

* Set standard acceptance/failure specifications

* Conduct comparison tests of competitor’s products

Accelerated weathering techniques are employed to evaluate a material’s
environmental durability (performance) with regard to corrosion, extreme
temperature fluctuations, humidity and other atmospheric conditions.
Pictured on the right are coated metal samples that have been tested for the
purpose of selecting the most appropriate weather resistant surface
treatment.

Over time, ultraviolet light, heat, moisture and atmospheric pollutants
combine forces to destroy protective coating treatments or materials at a
rapid rate. If neglected, correction of these coating failures can cost you a lot
of time and money in the form maintenance and repair bills. By evaluating
the resistance of your materials or coatings to various environmental
conditions, MATCO can determine the most appropriate and cost effective
material for you, particularly with respect to your specific environmental
conditions. This is done best with laboratory testing procedures such as: salt
spray testing, humidity testing, QUV testing (for ultraviolet light, heat, and
moisture evaluations), prohesion/QUYV testing, thermal cycling and mixed
flow gas testing. These tests give you a good idea of how well your product
performs in realistic conditions in an accelerated fashion, sometimes in as
little as a couple of days.

Predicting Life Expectancy

Accelerated environmental testing procedures can predict the life expectancy
of materials and help to select appropriate materials for
manufacturing/processing, storage, transportation, construction and
packaging industries, or any other industry where the durability of materials
is an important concern. Performance tests, though typically intended to
replicate actual conditions, are sometimes employed to test materials in
extreme temperature, humidity, and/or contamination environments to
decrease the likelihood of failure in extreme settings. In a recent case, an
engine component functioned as intended until introduced to an extreme
combination of moisture and road salt for much longer than would be
expected in most regions. The result was failure of the component and
consequently, failure of adjacent components.

Above, coated metal samples
that have been tested for the
purpose of selecting the most
appropriate weather resistant
surface treatment.

CoMMON
STANDARDS

* Salt Spray (ASTM B 117)
* QUV (ASTM G 154)
* Humidity (ASTM D 4585)

* Prohesion/QUV (ASTM D
5894)

* VOC Content (EPA 24/
ASTM D 3960)

e Chemical Resistance
(ASTM D 1308)

e Abrasion Resistance
(ASTM D 4060)

* Impact Resistance
(ASTM D 2794)
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Forensic

Professional businesses, regardless of the services performed, can never fully
escape the possibility that their work may not meet a client’s expectations,
with the subsequent risk of a lawsuit. According to a recent insurance journal
submission, “Approximately one out of every two Americans will retain the
services of a Professional Lawyer within the next 12 months.”

With such widespread litigation, it's a wonder business is conducted at all. A
simple unintentional error, misstatement or omission by you or your
business can lead to a professional lawsuit that may be both time consuming
and financially devastating. This is regardless of innocence or guilt.

Example of a boiler tube explosion

That said, the opinions of a professional engineer can be invaluable caused by high temperatures and
protection in the face of legal uncertainty. By applying fundamental stress.

engineering principles and methodology to a failure, the qualified
representative can often eliminate untruths that surround lawsuits and start
to get to the bottom of things. They may even save you some time.

. . . APABILITIE
In a recent case, a fire truck responding to a row house fire lost control, rolled S S
several times and subsequently injured the entire crew. One of the firefighters

died. The initial investigation revealed that a defective part fractured and « On-site Investigations
interfered with the transmission, thus, rendering the truck incapable of

shifting. This finding was in accordance with the fire-fighters testimony, who * Forensic Metallurgy

tried in vain to slow the truck as it gathered speed down a hill. It was
determined that the materials design of the part, though sufficient in some
climates, was not capable of withstanding severe corrosion. MATCO e Construction Failures
recognized this oversight and helped to expedite the award settlement.

* Witnessed Testing

* Paint Failure Analysis
During our forensic investigations, you will be kept informed of results as .
they become available through periodic meetings, mutual discussions and o &,FRP Failure
summarized reports as needed. At the completion of the project, a final, well- Analysis

documented report will be submitted, typically including: « Materials Selection

* Executive summary * Materials Design
* General description of the failure

* Critical factors influencing the failure
* Description of failure mode(s)

* Laboratory Analysis
* Literature Review

* Cautions * Litigation Support
* Related problems
e Corrective actions or measures

¢ Document Control

* Sample Storage

MATCO also has a secured, temperature regulated storage facility for

P . * Client Representation
orensic samples.

* Video Capabilities
We believe you will find our services to be substantially more affordable than o )
similar services from other firms, and yet you can be confident that you will * Specification Analysis

receive the highest quality, most personalized service available. ..
* Remaining

Life Expectancy
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Peverse

Even tried and true recipes can be improved upon. Since the inception of reverse engineering nearly two decades
ago, many have found this adage to be true. Manufacturers have seen their products improve threefold by virtue
of powerful CAD software that can pinpoint potential design flaws in the early stages of product development, thus
eliminating inferior products. Active managers have used reverse engineering to assess the quality or safety of their
products, particularly with respect to industry performance. Even small businesses have improved their products
simply by conforming to material specifications and component standards developed by reverse engineering
processes.

CAD models capture the geometry of a part, represent it in a three dimensional form, and provide a
means for engineering and design alterations. Pictured above is a CAD rendering of a valve pipe fitting.

By scrutinizing fine details and features of a product, information regarding design, dimension and material is
readily gathered. If desired, drafting documents can be produced. Usually, these drawings are the basis by which
replacement parts are manufactured. In some cases, mechanical and/or analytical testing is coupled with reverse
engineering to provide a thorough understanding of the component.

MATCO has extensive experience in reverse engineering services as part of our commitment as a progressive failure
analysis laboratory. With a strong presence in the fields of engineering and analytical chemistry, we are in a
distinctly advantageous poition to streamline or replace products and if need be, subject the product to some of our
in-house tests during the re-engineering process. Call today to find out more about our reverse engineering services
and make the first step towards improving upon your existing recipe.

When to use Reverse Engineering

* Streamlining Products e Drafting Purposes * Setting Standards
» Safety & Quality Assessments e Replacement Parts * Competitor Comparisons
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rResearch &

Low Cost Product Development

With the ever-growing demand to develop better-performing products and materials, experienced research
scientists and personnel are essential. Many companies, however, do not have the resources required to maintain
costly in-house research and development divisions, yet still find it necessary to improve existing products or
develop new products. MATCO Tier testing for Paints & Coatings, for example, is just one of the ways in which
a product can be developed to meet new needs and criteria while weeding out inferior paint and coating systems.
Providing companies with a research division without the high maintenance cost has been a service MATCO has
provided for many years. Our diverse and highly trained staff of materials scientists, analytical chemists,
engineers (PE. and NACE Certified) and Ph.D’s are committed to taking your product to the next level of
development.

Alloy, Paint & Coatings Group

MATCO'’s Specialized Alloy and Coatings
Group was formed several years ago to
address the growing demand for specialized
alloys, non-metallic materials and coatings
for use in various industries. Dr. Zee, an
expert on corrosion, coatings and materials
selection leads the diversified team of
specialists, which includes Dr. Bavarian, a
materials scientist specializing in composite
materials; Dr. George Bayer, Paint &
Coatings Group Manager; Dr. Huiping Xu,
EIS and Cathodic Disbondment Specialist;
and Ms. Amy Drabant, chemist and

International airport with TCSII panels.
TCSII replaced TCS (terne coated steel with lead).

Coatings Specialist.

Often times an alloy or coating must meet very specific
requirements. In the chemical and manufacturing
industry emphasis is placed on corrosion resistance
and the maintenance of structural and mechanical
integrity, while in the construction industry emphasis
is placed on materials that are environmentally safe,
corrosion resistant, and capable of maintaining an
attractive appearance for an extended period.

MATCQO'’s development of TCSII for Follansbee Steel
produced an alloy that met each of their specific
requirements, including formability, enhanced
corrosion  resistance  in  chloride-containing
environments, solderability, environmental safety and
maintenance of a long-term, pleasing dull-gray, earth-
like, patina appearance. TCSII, which has completely
replaced TCS, one of the most popular architectural
steels in production since 1968, was developed by
MATCO and patented under the Follansbee Steel name.

MATCO has established many patents with our clients on alloys, coatings, and
production applications. With the combined experience and diverse backgrounds of our
Specialized Alloy, Paint & Coatings Group, new high tech alloys and coatings, as well as
enhanced properties of existent coatings or alloys, are within reach for companies who
would like a material patented under their name, yet whose budgets normally do not
allow for the high cost of research and development.

MATCO Services has also conducted a variety of research programs related to surface

finishing, paint formulation, process development, polymers, materials technology and corrosion control.
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We value our clients . . .

Throughout the years, we have noticed that much of our business comes from repeat customers. Our expertise and well-
equipped lab can account for much of this, but we believe there is something more to it. We attribute it to the fact that we
promote an open and friendly environment that is never too busy to meet the needs of our clientele. Whether you are a
large corporation or a small enterprise, we will provide you with the attention you need and deserve.

X
Client Comments

Rolls Royce reviewed the report and thought it was
excellent. Very impressed with how we identified non-
metallic particles using SEM/EDS/Visual/FTIR. A
different lab was not able to identify the particles.

MR. BERNIE YONKOVITZ

Fleet Metallurgist
US Airways

Excellent report. Again, I must thank Dr. Zee and his
team for your professional work in the investigation and
reporting of this project.

MR. ANDREW DARVILLE

Station Manager

Bahama's Electric

I would like to extend my gratitude for your hard work
in generating a very good report on the corrosion
problem that this DR wheel was having. I had a
successful trip in which I was able to explain the root
causes for the corrosion and provided our customers
with some options for the corrective actions. With this
experience with MATCO, I see Prime Wheel will not
hesitate to utilize your services when in need.

Prime Wheel Corporation

MATCOQO’s technical expertise combined with their
practical experience has provided our organization with
resolution to problems associated with our unique
manufacturing process.

Sony Electronics, AG Division

MATCO has performed numerous corrosion-related and
metallurgical projects for Cove Point over the years.
Whether installing cathodic protection systems,
troubleshooting, or overseeing projects, their
professionalism and knowledge of the subjects have
always been relied upon. Their attention to detail and
follow-up have built a strong relationship with us at
Cove Point. When we lost our offshore anodes due to
recent hurricanes, MATCO quickly responded to
coordinate and perform the repairs. Their reports are
always very professional and thorough. MATCO recently
conducted corrosion and coatings training for our plant
personnel in a classroom setting. The response was
positive and well received, with the instructors being
very knowledgeable in their fields. Overall our
satisfaction with MATCO has been excellent.

JOHN MARCONYAK

Senior LNG Tech

Maintenance Planning

Dominion Cove Point LNG

Maico

MATCO Services, Inc. - Headquarters
4640 Campbells Run Road
Pittsburgh, Pa 15205
Tel: (412) 788-1263 * Fax: (412) 788-1283
Toll Free: 1-800-221-9090

Services, Inc.

MATCO Services / Florida Office
4131 SW 47th Ave., Suite 1407
Davie, FL 33314
Tel: (954) 563-6440
Toll Free: 1-800-221-9090

Join us at www.materialsforum.com to discuss the hottest topics in corrosion, failure analysis,
paint & coatings, concrete (petrography) testing, materials testing, and more.
We look forward to hearing from you.

Website: www.matcoinc.com



