Quantitative Electron Microprobe Analysis
Wavelength Dispersive X-ray Spectrometry (WDS)

Goal: Measurement of
concentration of all elements
in @ microscopic volume



EPMA Analytical procedure

m Sample preparation (mounting, polishing, carbon coating)
Carbon coating non-conducting material

m Setting up the Electron Microprobe
Voltage, beam conditions, spectrometers, etc.

m Qualitative analysis with EDS and WDS
If nothing is known about the chemical composition

m Measurement of X-ray intensities in standards (calibration)
A different standard can be used for each element

m Measurement of X-ray intensities in the specimen and matrix

corrections
ZAF corrections



Sample preparation

= Sample cut and mounted in epoxy;, if
necessary

Quantitative
analysis

Qualitative

= (Coarse polished with 240-600 SiC paper analysis
(53-16 um)

= Fine polished with alumina slurry or
diamond paste on cloth (grit size 1.00-
0.25 um)

= Washed with water in ultrasonic cleaner
after each polishing step, dried after
final step, wiped with ethanol



Carbon coating
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Setting up the Electron Microprobe

Voltage, filament saturation and beam alignment

- Accelerating voltage
o Depends on overvoltage requirement,
e.g., FeKa is not emitted with a 5 keV beam because E  .=7.111 keV, and U < 1.

o For a particular accelerating voltage, overvoltage will be different for different elements. U should
be about 2-10.

- Filament saturation and beam alignment
o Saturation: filament current is adjusted to ensure saturation
o Gun bias should be properly set to ensure optimum emission
o Shift and tilt alignment: beam current is maximized

o Wobble adjustment: image defocusing should be symmetrical above and below the optimum beam
focusing plane. If not, position of the objective lens aperture is adjusted

o Astigmatism correction: image is distorted if the spot is elliptical. Stigmator controls are used to
remove distortion



Setting up the Electron Microprobe

Spectrometer choice

- Crystal/diffractor

E.g., FeKa (Ay,=0.1937 nm, E.., = 6.4 keV) can be diffracted by TAP (2d = 2.5757 nm), PET (2d = 0.8742
nm) and LIF (2d = 0.4027 nm).

For n = 1, equation A = 2dsind, i.e., 0 = sin‘l(%) and for R = 140 mm, equation L = nA %IO indicate:

0=4.3°and L = 191.2 mm for TAP
0=12.8°and L = 62.0 mm for PET
0=28.8°and L = 134.6 mm for LIF
Acceptable ranges for 68 and L are 15-55° and 70-230 mm. Therefore, LIF is the correct choice.

- Counter and window
Xe has a better quantum efficiency for FeKa. So, a Xe counter with a Be window is the right choice.

- SCA settings

Using LIF/Xe counter and an appropriate collection wire voltage, the CuKa (E .= 8.04 keV) pulse should
be set at 5 V by performing PHA. Since E,_,,, = 0.8 x E,, the FeKa pulse should be at 0.8 x5 =4 V.

- Detector slit
For higher energy X-rays, smaller slits are recommended. The 300-550 uim slit should be selected.




Setting up the Electron Microprobe

Beam current, counting time and probe diameter

- Beam current and counting time depend on concentration of the element of interest

Higher beam current increases count rate and longer counting time increases total counts (improves precision)

For N counts, the counting uncertainty is — X 100 %. Counting is more precise as N increases. E.g.,

VN

For 25 counts, the uncertainty is 20 %
For 100 counts, the uncertainty is 10 %
For 10,000 counts, the uncertainty is 1 %

- Probe diameter
Sometimes necessary to use a defocused beam (large spot size). E.qg.,
Average composition of fine-grained material (spot size > grain size)
Hydrous, and Na or F containing glass: Na migrates away, F migrates toward the spot (spot size ~ 10 1im)



Standard x-ray intensity measurement
(calibration)

» Calibration (standard intensity measurement) is performed on standards, a set

of homogenous, natural or synthetic compounds with well known composition

» A good calibration is essential for accurate analysis.

It eliminates systematic errors

» After primary calibration, secondary standards (working standards) are analyzed

to make sure the results are as expected



X-ray intensity measurement




X-ray background measurement: special case
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Peak overlap in X-ray spectra

resultant peak

Energy (keV)

Overlap between Peak 1 and Peak 2 results in a broad single peak
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PHA reduces peak and background overlaps 19

Wide window

Ni La1
(n=3)

Wide open SCA voltage window

PHA optimized window

PHA optimized SCA voltage window

0.346 keV Energy —>
3.58 nm <— Wavelength

Spectrum of carbon steel
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Peak overlap correction for Ti-V-Cr
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Peak resolution with LIF

Specimen:Ti-V(V:5.4%)
Crystal:LiF

0.00072nm
(0.5nm)

TiKB(0.2514nm)

V-Koz(0.2507nm)
V-Kai1(0.2503nm)

LIF is able to resolve the
TiKB, VKo, and VKo, peaks

XCE type spectrometer with Xe counter



EPMA Quantitative analysis

X-ray intensity is proportional to the concentration, C « I

C,- . I,- C;, I; : concentration and intensity in sample
( | . Ci » 14 : concentration and intensity in standard
(1) () :
—L =k, (k- ratio)
Ly
Cf L ZAF Matrix corrections:
7 kf [ZAF]' Z: Atomic Number correction
(i) A: Absorption correction

F: Fluorescence correction



Typical quantitative analysis output

k-ratio

k-Ratio
0.9119
0.0021
0.5200
0.0000
1.0431
0.0809
0.0781
0.3565
0.0011

Element
Wt%
El-Wt%
17.30
0.13
11.46

21.43
2.89
1.36
5.20

17

Atomic
proportion
MDLox%
0.05
0.09
0.05
0.08
0.09
0.11
0.04
0.05

Error%

39.95
99.75

Minimum Minimum Uncertainty
Qet'ection ﬁetgctlon Cation Sum

limit ) based on a
(EI-Wt%) (Ox-Wt%)

certain #O



Typical quantitative analysis output

Oxide
W1t%
Ox-W1t%
37.01

0.22
21.66

Atomic
proportion

Element

* A typical mineral analysis reports Oxide wt% and Atomic proportions
 The wt% total and cation sum give us an idea of the quality of the analysis
* Atomic proportions give us the formula: Mg, ,,Fe; ¢,Mng,cCa, ¢,Al, 0451, 5601, (garnet)



