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Quantitative analysis
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General spectrum analysis steps

 Spectrum aquisition

e correction of the detector effect

o identification of the elements and
selection of a line series for each
element

« calculation of the bremsstrahlung
backgound radiation

» calculation of spectral lines
interference

 estimation of the intensity

e calculation of concentrations with
or without reference to standarts

* result formatting and presentation



Quantitative analysis

Quantax analysis strategy
P/B-ZAF standardless analysis
P/B-ZAF library related
P/B-ZAF (direct reference)
PhiRhoZ library related
PhiRhoZ (direct reference)
Films Analysis

Modern standardless analysis
- easy to use
- sufficiently accurate and reliable

Standard related analysis

- Inevitable prerequisites are wellprepared, high-class standard materials
(standard libraries) and very stable analytical system

- (A special case of standard related analysis is the direct reference
measurement, oftenly used in production control within metallurgical plants)

Combined Analysis Methods



P/B-ZAF standardless analysis

based true standardless and self-calibrating spectrum analysis
procedure, based on modified ZAF matrix correction formulas
(Z — atomic number correction, A — absorption correction, F —
fluorescence correction)

using the P/B-ZAF algorithm the characteristic X-ray intensities
(i.e. the net peak areas) are calculated in relation to the mean level of
the simultaneously recorded bremsstrahlung background

Absolute concentration values are obtained without the use of
explicit or implicit standards and without system factor calibration



Analysis limits

1. The analysis volume
X-ray analysis - surface sensitive method.
The information depth, i.e. the thickness of the surface layer from
which most of the analytic signal is originating, is defined by the ability
of the high-energy electron beam to penetrate into the sample and by
the length of path the generated X-rays can travel back through the
specimen.
The information depth spans from part of a micron to some microns
depending on the high voltage of the electron gun, the mean density
of the specimen matter, and the element content
The analysis volume — in the order nm3,

2. Spatial resolution

The spatial resolution becomes independent of decreasing spot size.
In contrary, intentionally defocusing the electron beam can be used to
decrease sensitivity to small artifacts

Excitation using low energy characteristic X-ray lines (L- and M-line
series) can further enhance lateral resolution.



Analysis limits

3. Analyzing Inhomogeneous Samples

Inhomogeneous samples require special consideration when
using X-ray microanalysis. Point analysis inadvertently performed
on textured material will lead to random resuilts.

Averaging over a larger sample surface (object analysis) with
iInhomogeneous samples will generally not result in mean
concentration values

4. Sensitivity of X-ray Microanalysis
Small analysis volume X-ray microanalysis is extraordinarily
sensitive. Absolute sensitivity in the order of 0.1 pg and well
below can be achieved in many cases
In connection with thin sections - as used by TEM analysis — even
total amounts of 10-1° g can be detected



Analysis limits

5. Limit of detection

Despite of the extraordinary low absolute detection limits of X-ray
microanalysis, the limit of detection (LOD) of EDX in terms of concentration
IS restricted by the bremsstrahlung background, which is always-present.
In average and when using moderate measurement times, the detection
limit for trace elements is roughly 0.1% mass concentration.

Of course this value is modulated by the matrix, being lower within
biological or geological matrices, higher within heavy absorbing matrices.
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Analysis limits

6. Accuracy and precision

The precision of quantitative EDX is mainly governed by counting
statistics of the discretely counted X-ray quanta

Using fast X-ray detectors statistical errors well below 1% can easily be
achieved even at moderate collecting times.

Accuracy is influenced by a great number of factors ranging from the
property of the sample itself, the selection of elements to be analyzed,
the possibility of severe X-ray line overlap, to the selection of the general
guantification method.

In average cases advanced standardless X-ray microanalysis has proven
to be reliable and accurate, allowing error levels as low as 3 to 5%
relatively

In principle accuracy of standard related analysis, is only limited by the
guality of standards and the stability of the beam at the SEM



Preparing Microanalysis Samples

- because microanalysis is surface sensitive clean and
unspoiled surfaces are prerequisites

1. Embedding and Contacting

Samples for electron microscopy usually are embedded and contacted
either using conductive resin or silver ink as conductor

For microanalysis proper contacting is particularly important, on one
hand because of the relatively high electron beam currents used, on the
other hand because sample charging would depreciate quantitative
results.




Preparing Microanalysis Samples
2. Grinding and Polishing

In any case grinding and moderate polishing of samples will improve
precision of the quantitative analysis because of the implied
cleaning, removing of oxide layers, and the well-defined local take
off angel (TOA).

for structure details (phase) visibility chemical or electrolytic
polishing of metal surfaces is necessary
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Preparing Microanalysis Samples

3. Coating samples

Isolating or poorly conductive samples (glasses, minerals, ceramics,
plastics) must be conductively coated
Alternative:
- using the variable pressure (VP) mode that is provided by certain SEM’s.
- Carbon coating is a common method and, because of the low X-ray
absorption factor of carbon, the first choice for microanalysis

- the coating must be as thin as possible
while being homogeneous and contiguous.
In praxis,coatings of 10 -30 nm are proved
suitable

- gold or platinum may be superior for
high-definition imaging, but the

impact on quantitative results in general
will become unpredictable

- for standard related analysis coating of
specimen and standards must match tightly



Setting up the Microscope

1. Working distance

The correct working distance for microanalysis is a constant and depends
on the design of the X-ray detector and sample chamber. The exact value is
determined during system installation.

Inadequate settings of the working distance can lead to spurious peaks in the
spectrum (e.g. silicon fluorescence from the supporting grid of the detector
window), spectrum distortion, and pulse loss.

2. Magnification
useful magnification with respect to object analysis, line scan, or mapping, is
limited normally to a few 1000x.

3. High voltage

The high voltage should, as a rule of thumb, be twice the energy (in kV respective
keV) of the highest peak to be evaluated. In otherwords, the so-called overvoltage
ratio should not be less than two for all elements of interest.

4. Electron beam current
The current of the electron beam should be set according to the desired pulse
density of the X-ray spectrometer



Microanalyzer Settings

Image System settings

Settings can be made within wide ranges according to the preferences.

High image resolution settings, of course, will raise acquisition and
processing times as well as memory consumption drastically when performing
mapping and element imaging.

Detector position

For X-ray spectrometry, line scan, and element mapping the detector should
always be positioned to the closest position, just not touching the pole peace
respectively the sample.

Spectrometer function

Most settings are either automatic or otherwise made during system
installation, freeing the user from further consideration.

Calibration

The need for recalibration is determined by technical conditions, the precision
requirement ofthe application, and - eventually - laboratory or legal regulations.



Avoiding analysis errors

1. Checking Sample State
Samples for X-ray microanalysis always shall be clean and
properly degreased
Organic reminders can increase the carbon signal and produce
iIncorrect quantitative results
the analysis spots have to be carefully selected to avoid the
artifacts (like scratches, local impurities)

2. Maintaining system calibration
Incorrect calibration of the energy axis will affect auto identification
of chemical elements
Especially in cases where deconvolution of overlapping lines is
necessary for precise quantitative results the exact energy
calibration is crucial



Avoiding analysis errors

3. Understanding spurious (, false”) peaks
pile -up peaks

At high count rates residual pile-up peaks at about the double energy value
of strong peaks may be observed. To check for pile-up reduce the beam
current by a factor of e.g. two and compare the spectra acquired. All peaks
for which the relative peak height with respect to the rest does drop by about
the same factor are probably pile-up peaks.

escape peaks
Escape peaks are completely removed by QUANTAX automatic spectrum
correction

silicon fluorescence

Silicon fluorescence peaks (not originating from the sample) mainly are
observed with incorrect detector positioning or wrong working distance.

stay radiation
Unresolved iron and chromium fluorescence peaks can be expected to
originate from stainless steel construction parts.



Avoiding analysis errors

4. Avoiding carbon contamination

Carbon contamination, which leads to false carbon peaks and
excess absorption of X-rays, is inadvertently produced during
scanning in the SEM.

Residual organic gases in the vacuum chamber, possibly
originating from outgassing of the sample itself, are cracked by
the electron beam. Atomic carbon and other residue are
deposited on the sample.

If no special technical means of avoiding carbon contami-
nation are at hand (cryotrap, air jet), reduce the measurement
time to the indispensable limit.



Avoiding analysis errors

5. Detecting inadequate settings
- the most frequent common errors

too short measurement time or low count rate
- leads to insufficient spectrum statistics.
- especially the self-calibrating P/B-ZAF analysis requires relatively high overall
counts (about 100 000) in order to become statistically stable

too high count rates
- lead to reduced energy resolution of the detector, which may affect peak
separation especially in the range of light elements.
- residual pile-up peaks also will rise with high count rates.
- ultra high throughput settings of the spectroscopy pulse processor generally
lead to threshold values that make carbon or even nitrogen peaks inaccessible.

too low over voltage
- leads to limiting the useful X-ray range
- analyzing characteristic X-rays at overvoltage ratios below 2 leads to rising
dependence on the actual excitation energy



Avoiding analysis errors

5. Detecting inadequate settings
- the most frequent common errors

too low accelerating voltage
- reduce the spatial resolution and
- increase the information depth
- lead to wrong quantitative results of coating and galvanic layer analysis

wrong working distance
- lead to reduced detector efficiency by partly shadowing the detector
- furthermore leads to distortions of the spectrum, e.g. by altered take
off angle

wrong parameter data
- wrong spectrum parameters will lead to erroneous quantitative results
- check spectrum parameters especially with spectra imported from
unfamiliar sources



Avoiding analysis errors
6. Using the right analysis method

unfortunately the right X-ray spectrum analysis method that covers all different
analysis situations does not exist

besides selecting point, multipoint, or object mode and proper analysis
parameters, also the spectrum evaluation strategy influences the accuracy and
precision of the results

generally use true standardless analysis (P/B-ZAF) in cases of unknown,
unprocessed, or generally rough samples

use standard related analysis only if reliable standard data bases, measured
on the same machine are available!

In ambiguous cases perform or correct element identification interactively
(when performing trace element analysis select the elements that are not
found by auto identification manually)



