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WDXRF as an Investigative and Analytical Tool
Using Small Spot/Mapping and UniQuant™
Process control, failure troubleshooting,
and in situ identification are all now pos
sible using a standard laboratory wavelength
dispersive X-ray fluorescence (WDXRF) with
the advent of small spot/mapping capability.
Narrowing a sample surface-analysis area
down to 0.5 mm to obtain the chemistry of
an inclusion or irregularity has helped many
a scientist solve problems that could only
be solved through more complex techniques
previously. The test results provided below
were performed using the Thermo Scientific
ARL PERFORM’X WDXRF.
A surface stain or inclusion on a material
can quickly be targeted and elementally
defined, showing where it originated in the
process. Minerals can be both identified and
chemically imaged in 2- and 3-dimensional
displays. Homogeneity testing of a coating
over a large or small area, forensics testing
on minute samples or scattered residue…
the list goes on and on.
Elemental distribution for the examples
mentioned above is easily displayed in an
intensity format, and normally this would
provide the required answer to the common
question, “What is it?” But if concentration
resolution is required, the operator may run
into some trouble. How do you calibrate
for a stain? What reference materials are
readily available for a metal inclusion in a
wire? How do you quantify components on
a circuit board without removing them? This
is where the second step to total small-spot
analysis comes into play—UniQuant.
Small Spot/Mapping Description
Small-spot analysis is a rather easy concept
to describe. The first step is for the XRF
unit to image the sample surface. From this
image it is possible, using the mouse, to click
on areas of interest for analysis. For map
ping, the operator selects one of a number
of “shapes” and enlarges or contracts it to a
size that best contains the area of interest.
The sample is excited through the use of a
primary X-ray beam. The secondary X-rays
emitted are collimated through a 0.5 mm
aperture. Small-spot analysis is a selection
of one or more unique and individual points
on a sample surface, each one producing a
singular analytical result, whereas mapping
is the joining of these individual points into
a unified pattern to produce a 2- or 3-dimen
sional presentation along with intensity/con
centration results for the selected area.
UniQuant Description
UniQuant uses the original factory cali
bration to determine concentrations in
completely unknown samples. UniQuant
is unique in its method of intensity mea
surements. Unlike other semiquantitative
software programs, UniQuant uses a method
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known as
peak hop
ping, instead
of a con
tinuous scan
technique,
to acquire
the intensi
ties for all
measurable
elements. The procedure of peak hopping
allows for faster analysis by not wasting
measurement time on any location where an
element peak will not be found. UniQuant
will measure every theoretical 2-theta angle
for each element, including alternative
lines for some heavier elements and back
ground positions. By focusing the elemental
counting times on peak locations only,
UniQuant is able to provide more accurate
results and lower detection limits com
pared to other scan-based semiquantitative
methods. An interesting feature is that the
counting time for each analytical line can be
defined separately depending on the main
interest of the analyst.
Mapping Example: Mapped Elements
in a Geological Sample
Mapping imaging is a helpful way of better
understanding a problem. The 2-D images
can be viewed as individual element dis
tributions or overlaid to give a more com
prehensive correlation of the elements as a
group. The 3-D images are single-element
displays and can be rotated for a full 360degree visualization or even a birds-eye
view. While most maps are collected as
intensity-only images, empirical calibra
tions can also be used to fully quantify
the result. Geological samples can offer the
most interesting and informative mapping
images. In this example, one can see that
the material is mostly Mn due to its uni
form base and strong intensity response, but
other elements are also present, with a large
concentration of Si off to one side and the
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possible presence of a vein containing Ca,
S, and P running through the center of the
sampled area.
Conclusion
The examples presented here are only a
fraction of the applications that many ana
lysts are using today. The investigative capa
bilities of WDXRF have been shown to save
thousands of dollars in process monitoring.
With UniQuant, small samples are no longer
a hindrance due to their size and a lack of
calibrating materials. It is now possible to
review coating thickness across a surface
without the need of specialized instrumenta
tion. Quantification using empirical calibra
tions on undersized or irregularly shaped
materials is possible through the use of a
standard laboratory WDXRF, even in situ.
Mapping/small-spot analysis brings many
benefits especially when combined with a
standardless routine such as UniQuant.
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Uranium ore from the Schwarzwalder Mine, in Ralston Buttes district, Jefferson County,
Colorado, USA, mapped by QEMSCAN®. The image shows an atoll-like texture with veins
mineralized by uranium-thorium (red), and lead (green) bearing phases.

