
In The Works…

W
e’re often asked, “What do you do?” If we hesitate to
answer, it’s because the variety of materials, compo-
nents, and testing challenges is almost unlimited. A

sampling of analyses completed recently includes:

■ Steam turbine rotor shaft service life evaluation for an
electric power utility.

■ Wear analysis on automotive variable camshaft timing
mechanism.

■ Weld Procedure Qualification for coal mining equipment.

■ Failure analysis of restaurant food warming/serving ware.

■ Analysis of small engine cylinder sleeves.

■ Evaluation of military vehicle armor mounting brackets.

■ Chemical and physical property analyses of light weight
aluminum vehicle fuel tank.

■ Failure analysis of polymer industrial caster wheels.

■ SEM analyses of micro-surgery instruments.

■ Material property evaluation of electric motor shafts.

■ Coating analysis on cast iron sports stadium seat frames.

■ Contamination study of powdered metal automotive
components.

■ Chemical analysis of sport aviation aircraft rivets.

■ Contaminant analyses on fork lift micro-switches.

■ Evaluation of automotive ABS control components.

■ Corrosion analysis of stainless steel process tubing from a
British pharmaceutical plant.
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Laboratory Accreditation (A2LA-ISO/IEC 17025). Our expertise includes failure analysis, process problem solving and
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E
DS analysis provides the unique ability to chemically analyze
very small features. If you divided one millimeter into 100,000
equal parts, EDS could analyze a feature as small as one of

those parts. EDS can also analyze features as large as one square
centimeter. EDS is non-destructive, can detect every element except
hydrogen, helium and lithium, and can analyze metals, plastics,
ceramics, corrosion products, oil and nearly any organic or inorganic
contaminant. This degree of versatility is rare in analytical instruments
and is one reason Metallurgical Associates has specialized in EDS for
the past twelve years.

EDS, an acronym for Energy Dispersive Spectroscopy, uses x-rays
emitted by a sample to identify its chemical composition. These x-rays
are excited from the sample by an electron beam. The most common
source of this electron beam, as used for EDS analysis, is a Scanning
Electron Microscope (SEM), an instrument which provides images of
a sample at magnifications of up to 200,000X. As a result, extremely
small features can be imaged and chemically analyzed when these two
instruments are employed  together. The following examples give just a
small selection of the many investigative applications of EDS analysis.

CORROSION ANALYSIS
A heat exchanger began leaking after several years in service at an
electric power utility. Tubing in the exchanger was fabricated from a
copper-nickel alloy, which is highly resistant to corrosion by chlorides,
and was chosen because sea water was used as the cooling media in
this heat exchanger. A tube which had perforated due to corrosion was
sectioned from the heat exchanger for analysis and is shown in Figure
1. Examination of the perforated area by SEM revealed severe pitting
on the ID surface which propagated outward to the OD, breaching the
tube wall (Figures 2 and 3). EDS analysis of the corrosion products
associated with this pitting, shown in Figure 4, revealed a substantial
percentage of chlorine as expected with the exposure to sea water.
However, a lesser, but significant percentage of sulfur was also detected.
Copper-nickel alloys are highly susceptible to corrosion when exposed
to sulfur-containing compounds, and this was the cause of the leakage.
All that remained was to identify the source of the sulfur and develop
options for preventing a recurrence of the failure. Additional testing
revealed that the sulfur originated in sludge resulting from water
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MAI Upgrades Micro
Analysis

M
icro analysis by Energy Dispersive
Spectroscopy (EDS) has been a key tool
in providing fast accurate answers to

our clients from our beginning 13 years ago. This
technique non-destructively analyzes any solid
or liquid material to determine its elemental
composition (see Micro Analysis by EDS article
in this issue.) EDS uses energy from the electron
beam of a Scanning Electron Microscope (SEM)
to perform these analyses. In early 2005, MAI
purchased a second SEM, expanding our capacity
and reducing turn around time for our clients
who require high magnification images of fractures
and other component features, making MAI one
of the only independent testing laboratories in
the country offering multiple SEM facilities.

In March we both expanded and upgraded our
EDS capability with the purchase of two EDAX
DX4 EDS Analyzers. Our third, original EDS
system will now go into “back-up reserve” to
assure that EDS analysis is immediately available
to our clients even if one system is temporarily
out of service for maintenance or repairs.

Metallurgical Associates is an independent testing and 
consulting company providing  a complete range of services

in materials testing and manufacturing problem solving.

Materials Testing and Engineering ■ Failure Analysis ■ Manufacturing Problem Solving ■ Physical and Chemical Analysis

Continued on page 2



REVERSE ENGINEERING
An automotive engine main bearing was submitted for
reverse engineering to identify the composition, thickness and
manufacturing process used to produce the bearing surface. A
polished cross section was prepared which revealed three layers
at the bearing surface (Figure 5). EDS analysis of the inner most
layer, shown at the bottom of Figure 5, revealed a composition
consistent with an AS Series aluminum bearing alloy (Figure 6)
which is 0.018" thick and was cast on to the steel bearing shell
substrate. EDS analysis of the second layer (Figure 7) indicated
it is a low lead tin bronze with a thickness of 0.00008" and
was electroplated. Analysis of the outer most layer showed it to
be SAE 190 lead based bearing alloy (Figure 8). This layer was
also electroplated and is 0.0008" thick.

pollution on the seabed near the water inlet. Options in
this situation were limited, and included relocating
the water inlet, filtering the sludge at the inlet
and aerating the inlet water to oxidize the sulfur.
Eddy-current inspection was performed on the
remaining heat exchanger tubes to determine the
current extent of corrosion. The service life prediction
developed from this inspection provided the client with
the data required to decide whether to repair or replace
the heat exchanger.
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Figure 1 Perforated heat exchanger tube.

Figure 2 SEM image of the perforation from the ID side. 6X

Figure 3 SEM image of pitting corrosion adjacent to the
perforation. 200X

Figure 4 EDS analysis revealed sulfur in the corrosion
product.

Figure 5 Bearing cross section, showing the inner most layer at the bot-
tom. The  thin  second layer between the arrows, and the outer most layer
above the arrows. 1000X



ANODIZING DEFECT
An anodized aluminum valve body was submitted to determine the
cause of “gaps” in the anodizing at a plugged hole (Figure 9).
Examination of these anodizing defects on the SEM revealed entrapped
residue in the seam formed by the plug, which covers a machining access
hole (Figure 10). EDS analysis of this residue revealed a very high carbon
level (Figures 11 and 12). Subsequent review of the manufacturing
process led us to a machining lubricant that was used in the valve aperture
machining operation performed through the hole prior to plugging.
EDS analysis of the lubricant for comparison was, not surprisingly,
also high in carbon. More importantly, however, no additional elements
were present in the lubricant compared to those seen in the residue
analysis, further confirming the lubricant as the source of the residue. A
more effective cleaning procedure prior to anodizing was recommended
which resulted in uniform surface coloration and corrosion protection.

Figure 6 EDS analysis of the inner layer indicated an AS
Series aluminum bearing alloy.

Figure 7 EDS analysis of the thin intermediate layer
revealed a composition consistent with a low lead tin bronze.

Figure 8 EDS analysis of the outer layer indicated a lead
based bearing alloy.

Figure 12 EDS
analysis re-configured
for maximum sensi-
tivity to atomically
light elements in the
residue. The high car-
bon content indicates
an organic as the
main component in
the residue.

Figure 9 Gaps in the valve body anodized coating at the
plugged machining access hole.

Figure 10 SEM
image of residue
in the machining
plug seam. SEM
1800X

Figure 11 EDS of
residue in the machin-
ing plug seam. The
aluminum, silicon,
magnesium and cop-
per are present in the
aluminum alloy. The
sulfur is from the sul-
furic acid used in the
anodizing process. The
remaining elements
are in the residue.


