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Smart Materials and Minerals Library
for Spectrum Match

Many microanalysts start their investigations with a
simple question: What is it? These analysts have a goal
of identifying unknown components within a material
to help better understand the nature of the sample.
Failure analysts may want to determine what a
contaminant or debris is composed of, while R&D
scientists may want to confirm the final product of a
new materials process. In many applications, learning
what an unknown material is made of is an important
part of materials characterization.

The most recent software addition from EDAX makes
it easy for microanalysts to gain a deeper understanding
of their unknown components. The Smart Materials and
Minerals Library for Spectrum Match provides users
with a database of standard spectra which are compared
to unknown spectra in order to determine how closely
the unknown matches a previously characterized
compound. This is a valuable tool because it eliminates

the need for data interpretation and ensures accurate
identification for users of any experience level. With
this software addition, any operator can click on the
“match” button and the software will perform a
comparative algorithm with a display of the most likely
matched candidates.

There are two different comparative algorithms to fit
various types of analyses. The Chi-Square spectrum fit
matches the intensity of each energy channel of the
unknown to the corresponding energies of the standard
spectra. This is the most basic of the routines and does
not rely on a need to perform a peak identification. The
spectra are simply matched based on their spectral
“fingerprint”, without requiring prior knowledge of
the sample or any peak investigation. The second
method, Chi-Square on concentration, is used when a
comprehensive comparison is needed.
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In this routine, the quantitative values for the elements identified are
compared to the quantitative values of the standard spectra to determine
which has the closest concentration match. When using this method, the
comparison is independent of analysis conditions such as kV, detector
type, and geometry. It can also be used when the sampling area is very
small or contains many different components, including the substrate
or a coating layer.

Figure 1. Unknown flake of metal debris.

In this application example, the unknown flake of metal debris shown
in Figure 1 was analyzed to determine what type of steel it is. Often,
knowing the type of steel will allow failure analysts to figure out where
it came from, such as from a tool, machine or raw material. The flake
was irregularly shaped, but amply sized for microanalysis without
interference from surrounding areas. Therefore, it was simply mounted
on a piece of carbon tape on an aluminum stub. Standard collection
conditions were used, 20 kV and 20 K CPS with an EDAX Octane Elect
Plus Energy Dispersive Spectroscopy (EDS) silicon drift detector. The
spectrum in Figure 2 was collected for only 5 seconds because long
collection times are not needed for accurate matching performance.

Figure 2. Spectrum of the unknown flake of metal debris.

Iron (Fe) K beta peak. In both cases, the peak deconvolution routine
assisted with the correct identification by modeling the W peak and
confirming that it was W, not Si. After modeling the Fe K beta peak,
the residual showed additional peak area, which meant there was
another element present. Further peak ID showed this to be the Cobalt
(Co) K alpha peak.

Standards libraries for EDS analysis dramatically change the way that
analysts perform investigations by removing the need to interpret data.
In this study, spectra can be collected quickly, and even peak overlaps
do not interfere with the selection of the match routine result. The
EDAX spectrum library is the quickest way to get conclusive materials
characterization solutions.

The spectrum revealed several slightly challenging peaks, such as
the Tungsten (W) M peak, which can often be confused with the
overlapping Silicon (Si) K peak. Also, there appeared to be an irregular

Next, the steel standard library was used, and the Chi-Square on
spectrum method was chosen. This was done to eliminate any ambiguity
from the challenging peak overlaps described. Three choices of matches
showed the most likely solutions, all fitting within the 80%-90% range.
The closer the fit is to 100%, the more ideal the solution is. Tool steel
T-4 was the best fit with a match of 89.5%, better than the next closest
candidate which had an 87.8% fit. Visually, the spectral differences
showed that the second candidate did not have a Co peak, and therefore,
the first candidate was the correct solution.
The unknown material matched with the standard tool steel T-4, and
therefore was likely the result of some tooling debris in the sample. No
quantitative analysis was required to make this determination, the match
fit % and spectral comparison alone clearly confirmed this conclusion.
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Create Max Pixel Spectrum Function
One of the features that quite a few people don’t seem to take
advantage of in the TEAM™ software is the little icon shown
to the right. You might not even recognize it since it only shows
up when you have a map open and the sum spectrum displayed but
the function associated with it is called “Create Max Pixel Spectrum”.

The idea of a max pixel spectrum is that while TEAM™ can
automatically identify the dominant elements in the map based on a
preview spectrum, it gets a little more tricky when you are looking at
small inclusions and particles. If you have a small Ti inclusion that
only covers 5-10 pixels in a 512x200 map that otherwise does not
contain Ti, the contribution of Ti to the sum spectrum will be less than
a percent of a percent. Essentially, Ti will not show up in the sum
spectrum although the inclusion might be 100% Ti. The max pixel
spectrum will search through all pixels in the map for each energy
channel and find the pixel that has the most counts for that energy. An
artificial spectrum is then generated with each energy channel
corresponding to the highest count number for that given energy. The
spectrum will typically be quite noisy since it is based on individual
pixel counts (unless binning is applied), but it has the advantage that
any inclusions will show up much more clearly and can now easily be
identified. Basically, you are finding the needle in the haystack.

In the spectrum in Figure 1, you can see that there are several peaks
showing up in the max pixel spectrum that are not obvious in the sum
spectrum. Also note, the point highlighted as “MaxSpc” in the image

a)

Figure 1. Shows several peaks from the max pixel spectrum, which are not obvious in
the sum spectrum. The point highlighted as “MaxSpc” in the image to the right of the
spectrum is the pixel that has the highest number of counts at the position of the
market in the spectrum window, in this case Ti.

to the right of the spectrum. This is the pixel that has the highest
number of counts at the position of the marker in the spectrum window,
in this case Ti.

Knowing that the elements shown by the max pixel spectrum are
‘hidden’ in the collected data, you can now rebuild to include them in
the elemental maps. The images below (Figure 2) show the backscatter
image of the sample and the overlaid Zr and Ti maps. Extracting the
spectra from the Zr and Ti rich inclusions shows that while neither
element has a significant contribution to the sum spectrum, the
inclusions are rich in the detected elements.

b)

c)

Figure 2. The sample a) backscatter image and b) overlaid Zr and Ti maps. Spectra extracted from the c) Zr and d) Ti rich inclusions.

d)
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EBSD Analysis of Crack Propagation: A Case Study
Stuart I. Wright1, René de Kloe2, Matthew M. Nowell1
1
EDAX, Draper UT, USA, 2EDAX BV, Tilburg, The Netherlands

The following is a summary of a presentation given by Dr. Wright at
ICOTOM18 held Nov. 5-10 in St. George, UT. Thanks go to those in
attendance whose comments have helped refine some of our original
interpretations of the results presented.

The ability of automated Electron Backscatter Diffraction (EBSD) to
rapidly measure lattice orientations makes it well suited for statistical
analyses of the distribution of crystallographic orientation in
polycrystalline materials – analyses such as the study of preferred
orientation (i.e. texture) or misorientations at grain boundaries. The
desire to link texture analysis with microstructure motivated the
automation of the EBSD technique (B.L. Adams, S.I. Wright and
K.Kunze (1993). "Orientation Imaging: The Emergence of a New
Microscopy." Metallurgical Transactions A 24: 819-831.) Materials
scientists have since not only found EBSD useful for statistical
analyses but also for linking lattice orientation with specific
microstructural features through direct interactive analysis of
orientation maps. As an example, consider the following investigation
into the propagation of a fatigue crack in a nickel superalloy (thanks
to Ravi Chandran of the University of Utah for the sample).

Figure 1 shows an Orientation Imaging Microscopy (OIM) scan of
one crack in the sample. The scan contains 3.26 million points
collected on a hexagonal grid with a 0.25 μm step size. The sample
exhibited a high population of twin boundaries. Our initial assumption
was that twin boundaries would be resistant to cracking. The first step
towards confirming or refuting this assumption was to identify point
pairs across the crack. This is done using the mouse in the
boundary highlighting mode (icon to the right) in the OIM

Figure 1. OIM scan of one crack in the sample.

Analysis™ software as shown by the pairs of red dots in Figure 1. An
effort was also made to maintain an equidistant spacing between the
point pairs.

In the process of manually clicking the point pairs, it was immediately
apparent that the crack propagates both along the boundaries between
grains (intergranular) as well as through grains (transgranular). The
crack showed no aversion to propagating along twin boundaries. A
misorientation angle distribution calculated for each of the point pairs
shows two major peaks (Figure 2a). The one on the left is associated
with transgranular cracking (near 0° misorientation) and the one on
the right with the primary recrystallization twins (60° rotations about
<111>). To confirm this, a Misorientation Distribution Function
(MDF) was calculated, the results are shown in Figure 2b for the 60°
section of Axis-Angle space. There is clearly a strong peak at 60° at
<111>. The peak is even stronger than the corresponding peak for an

Figure 2. a) Misorientation angle distribution calculated for each fo the point pairs show two major peaks. b) Misorientation Distibution Function (MDF) calculated for the 60°
section of Axis-Angle space. c) MDF calculated for the entire scan.
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(Continued from Page 4)
MDF calculated for the entire scan as shown in
Figure 2c. While results from a single crack
do not provide statistical certainty to the
observation of preferential propagation along
twin boundaries, results from a second crack in
the same material exhibited the same trend.
One caveat to this analysis is that our
observations are obtained solely on twodimensional surfaces. It is possible that a crack
appearing to propagate on a boundary plane in
a 2D section could be on some other plane in
the crystal not coincident with the boundary
plane but with the same plane trace – this can
only be ascertained through 3D analysis of the
boundary/crack structure.

Kernel Average Misorientation (KAM) maps provide an indication
dislocation density within the microstructure. An example at higher
resolution than the original scans is shown in Figure 5. Note that areas
with high KAM values appear to be associated with direction changes.
While it may be possible that the dislocation density builds up forcing
a change in the crack path direction, it may also be possible that the
cracks confront some other obstacle forcing the direction change and
that the higher dislocation density is associated with dislocations
behind the crack front after the change in direction.
While only a portion of the case study presented here is statistical in
nature, such analyses provide insight into physical processes such as
those underlying crack propagation and can also provide direction for
further statistical investigation.

Analysis of the slip traces in grains adjacent to
the crack shows that the crack wants to follow
(111) planes (Figure 3). The tendency of
the crack to follow the (111) planes explains
why it often follows twin boundaries in this
material. In some grains, the crack path is very
jagged as shown in Figure 4. Almost as though the crack is a hiker
trying to ascend a steep hill via a series of switch backs. It is assumed
the jagged path minimizes the energy required to propagate the path
in a direction generally normal to the tensile axis (horizontal in this
case) as the crack interacts with the local stress state. In some grains
the crack doesn’t appear to follow a (111) plane and is not jagged.
However, in such areas the crack appears less distinct in the IQ map.
It is possible at higher resolution we would see a jagged path as well
but with shorter segments between the direction changes.
Figure 3. OIM Analysis™
software was used to draw
the (111) slip traces in red.
The traces that appear to
be aligned with crack
plane are highlighted in
yellow.

Figure 5. KAM/IQ map showing high dislocation
densities at directional changes in the crack path.

Figure 4. Schematic of (111) planes associated with jagged transgranular path.
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2018 Worldwide Events
January 11-12
EM-UK 2018
February 22-24
Texas Socieity for Microscopy (TSM)
March 5-23
Münster Course
March 11-15
The Minerals, Metals & Materials Society (TMS) 2018

EVENTS AND TRAINING
March 29
Northern California Society for Microscopy (NCSM)
March 30
Arizona Imaging and Microanalysis Society (AIMS)
April 10-13
Analytica 2018
April 24-30
INTERM

Glasgow, Scotland
Denton, TX

Münster, Germany

Phoenix, AZ

Please visit www.edax.com/news-events/conferences-tradeshows for a complete list of our tradeshows.

Pleasanton, CA

Flagstaff, AZ

München, Germany

Ölüdeniz, Turkey

2018 Worldwide Training

To help our present and potential customers obtain the most from their equipment and to increase their expertise in EDS microanalysis, WDS
microanalysis, EBSD/OIM, and Micro-XRF systems, we organize a number of Operator Courses at the EDAX facilities in North America,
Europe, Japan, and China.

EUROPE

JAPAN

EDS Microanalysis

TEAM™ EDS

February 19-21
March 5-7
March 12-14
June 18-20

Weiterstadt#
Weiterstadt*
Weiterstadt#
Weiterstadt#

EBSD OIM Academy

February 21-23
March 7-9

Particle Analysis
March 14-15

Weiterstadt#
Weiterstadt*

Weiterstadt#

TEAM™ Neptune (EDS & WDS)
June 18-22

Weiterstadt#

February 19-23
March 5-9

Weiterstadt#
Weiterstadt*

June 20-22

Weiterstadt#

TEAM™ Pegasus (EDS & EBSD)

TEAM™ WDS

# presented in German
* presented in English

NORTH AMERICA

EDS Microanalysis

EDS Microanalysis

March 15
April 12
October 18
November 15

February 6-8
February 26-27
May 14-18
September 11-13
December 11-12

TEAM™ EDS

Tokyo
Osaka
Tokyo
Osaka

Genesis

June 14
July 12

Tokyo
Osaka

CHINA

EDS Microanalysis

TEAM™ EDS

March 6-8
June 5-7
September 4-6
December 4-6

Shanghai
Shanghai
Shanghai
Shanghai

March 13-15
June 26-28
September 11-13
December 11-13

Shanghai
Shanghai
Shanghai
Shanghai

TEAM™ EDS

Mahwah, NJ
Draper, UT
Mahwah, NJ
Mahwah, NJ
Mahwah, NJ

EBSD OIM Academy

February 28 March 2
June 19-21
October 23-25

TEAM™ Pegasus

February 26 March 2

EBSD OIM Academy

Please visit http://www.edax.com/support/training-schools for a complete list and additional
information on our training courses.

Visit edax.com for the latest news and up-to-date product information.

Draper, UT

Mahwah, NJ
Draper, UT

Draper, UT
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(left to right): Mihaela and Vas Gorcea

(left to right): Charlie, Adina, Elijah, Peter, and Serena Schipper.

Vas started at EDAX in January 2007. As the X-ray Wavelength
Dispersive Spectrometry (WDS) Technician in the Mahwah, NJ
office, he performs qualification, service, and technical support for
all LEXS and TEXS WDS spectrometers.

Adina joined EDAX as an Order Administrator in October 2014.
Based in the Mahwah, NJ office, she handles all sales orders from
start to finish.

Vas Gorcea

Before EDAX, Vas worked at DOBI Medical in Mahwah, NJ from
2005-06. He was employed at Hameg Instruments in Long Island,
NY for two years (2003-05) and spent four years at Tellabs in
Hawthorne, NY (1998-2002). Vas started his career at the Romanian
Railways National Laboratory for Telecommunication from
1980-98.
In 1978, Vas received a baccalaureate diploma in Electronics for
Telecommunication from Electrotechnic High School No. 12 in
Bucharest, Romania. He earned a Computer Graphic Design diploma
from the Chubb Institute in Jersey City, NJ in 2010.

Adina Schipper

Prior to EDAX, Adina was an Executive Administrative Assistant
and Office Manager at Alvogen, Inc. in Pinebrook, NJ from 201012. She worked as an Executive Administrative Assistant at Bayer
Healthcare Pharmaceuticals in both Wayne and Montvale, NJ from
2005-10. In 2008, Adina earned her associate’s degree in Business
from the University of Phoenix.

Adina lives with her husband, Peter and their three children, Charlie
(15), Serena (9), and Elijah (6). In her spare time, Adina loves
spending time with her family. She enjoys outdoor activities,
including hiking, biking, and going to the beach. Adina also
volunteers as a high school youth leader at her church.

Vas lives with his wife, Mihaela. In his free time, Vas enjoys music
and likes to design and build electronics for sound reproduction, such
as speakers and amplifiers.
EDAX is proud to announce the launch of its new and
improved website.

Please visit us from any device at http://www.edax.com.
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Materials Characterization Facility
Carnegie Mellon University, Pittsburgh, PA

The Materials Characterization Facility (MCF) is part of the
Department of Materials Science and Engineering at Carnegie Mellon
University. The MCF is a user facility that is open to research groups
within Carnegie Mellon University, as well as external users from both
academia and industry. The facility specializes in structural and
microstructural characterization with techniques such as transmission
electron microscopy, scanning electron microscopy, atomic force
microscopy (AFM), and X-ray diffraction (XRD). The staff members
provide assistance and training in these techniques to help the research
groups achieve their objectives. The MCF’s Titan and Tecnai
Transmission Electron Microscopes (TEMs) and Quanta 200 Scanning
Electron Microscope (SEM) are equipped with EDAX Energy
Dispersive Spectroscopy (EDS) Systems and the Nova 600 dual-beam
includes an EDAX TEAM™ Pegasus Analysis System.

In addition, the MCF contains specimen preparation facilities and a
significant fraction of the departmental computational facilities. The
department’s digital classroom is located at the core of the facility. It
allows students to control most of the instruments in the suite from the
classroom computers, as well as enabling them to participate in
distance learning courses jointly taught with other universities.
Currently, the MCF is building a data storage system due to the amount
of data being generated by techniques such as serial sectioning and
electron backscatter diffraction (EBSD). The data storage system will
also pave the way for future equipment acquisitions and centralize the
facility’s data storage.

The facility has 14 instruments and a few data processing computers
that tie into the data storage system and are used for data postprocessing and reconstruction . The MCF settles on Samba mounts,
which appear as a mapped network drive to the users, as a means
of tying together the various operating system on the computers
throughout the facility.

The data system includes a basic server coupled to a RAID Array. The
array consists of 16 4TB disks running in a RAID 6 configuration,
which means that any two of the 16 disks can fail before any data is
lost. This gives the MCF 56 TB of available storage, and the RAID
arrays can be daisy-chained together for future expansion.

Many of the facility’s control computers that run the microscopes are
using older versions of Windows, so the facility staff decided not to
put those systems on the internet. Instead, the MCF has dedicated data
cables that run to the microscope rooms, creating a dedicated local
network.

The system works like any normal drive for saving data. User can
create their own directories and subdirectories to store their data and
the drives are segregated by instrument. The MCF has the flexibility
to designate some of the instruments to have access to multiple data
stores, such as the data processing computers. This means that once a
large serial section data set is saved, it doesn’t have to be transported
to the computer used for 3D reconstruction. The computer can simply
access the data stored by the microscope.
For more information on the Materials Characterization Facility at
Carnegie Mellon University, please visit: https://www.cmu.edu/engineering/materials/facilities/roberts_suite/index.html.
EDAX Inc.
91 McKee Drive
Mahwah, NJ 07430
Phone (201) 529-4880
E-mail:
info.edax@ametek.com
www.edax.com
Art and Layout
Jonathan McMenamin

Figure 1. Materials Characterization Facility Specialist, Adam Wise.
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