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CAMECA, leader in scientific instruments, has been manufacturing Electron Microprobe (EPMA) since 1958 with the MS85, and has been followed by the MS46, Camebax, SX50, SX100 and fifth-generation SXFive instruments (Fig. 1). Furthermore, in recent years, the technique has not only maintained its relevance, but has expanded into new areas where detection limits and spatial resolution have been brought to new extremes with the development of the Schottky emitter and its implementation as electron source in the field of electron. No longer exclusively a research laboratory technique, EPMA instruments may now be found running as fully-automated tools in the manufacturing environment. 


Fig.1 Synoptic of the SXFive CAMECA Electron MicroProbe.

Technical implementation of the method 
The basics of the EPMA will be reviewed. The different types of detectors used to analyze samples and perform quantitative analysis such as wavelength dispersive spectrometers (WDS) or Energy dispersive spectrometers (EDS) will be compared (Fig. 2). Spectral resolution of WDS spectrometer is 20eV at the line Mn Ka whereas EDS spectrometer has resolution of 129eV. 

Fig. 2 A Wavelength Dispersive Spectrum of rare earth elements (REE) showing the need of energy resolution to measure high peak density sample. The sample is a Glass containing 0.5 wt% of all REE. 

In electron microprobe column, different Tungsten, LaB6 and field-emission sources can be used with different technical features. With the development of the Schottky emitter and its implementation as electron source in Electron Microprobe, small features are commonly analyzed down to sub-micrometer scale; tungsten source allows to analyze grains sized several micron. The challenges and usage optimization of such sources will be reviewed. The use of low-energy X-ray lines for quantitative analysis presenting new analytical challenges will also be reviewed briefly. Design of the column allows to achieve high stability of current of +/- 0.5% in an hour (Field emission source and W). Thanks to its precision, its reproducibility and its stability, Electron Microprobe is a well suited technique for accurately analyzing nearly all chemical elements at concentration levels down to few 10’s ppm with a spatial resolution of about 1 µm, which is relevant to microstructures in a wide variety of materials and mineral specimens. 

Applications of the technique 
Typical EPMA SXFive outputs and results will be shown from various domains such as geology, metallurgy and materials science. Quantification of various elements in different matrics will be shown: light elements in metals or minerals, gechronology, ceramics interface, as well as thin layer analysis. CAMECA is also manufacturing shielded EPMA to be used in hot cells for radioactive samples, examples will be shown on measurements of fuel cells and metallurgical samples. In particular, experience of use EPMA CAMECA SX100 in Zavaritsky Institute of Geology and Geochemistry UB of RAS (Analytical Center “Geoanalitik”, Yekaterinburg) for solution of nontrivial tasks in Earth Science will be presented.

Chemical composition of meteorites
Тhe stony-iron meteorite has been investigated with SXFive instrument. The specimen has been observed at 15keV – 40nA enabling to get information about the minerals organization. 
 

Fig. 2. Typical output of the SXFive: Elemental Mapping. Here the Mg distribution in a 2 mm wide area has been measured in a moon meteorite. 

Trace elements in quartz and corundum
Concentration of trace elements define color characteristics of minerals. Measurement of trace elements Ti, Al in quartz, V, Cr, Ga in corundum with low detection limits (down to 10 ppm) will be shown.

Chemical dating of U-Th-minerals
Chemical U-Th-total Pb dating of concentrator minerals for U, Th (monozite, zircon, uraninite, etc.) is the complicated but vital task which can be solved with EPMA. This task is complicated by determination of the element composition under conditions of many interfering characteristic lines (up to 10 and more).

Carbon
Carbon is one of the main gas-forming elements which widely participates in redox reactions proceeding in Earth's interior. It is found in samples from Earth shells in various chemical forms, such as molecular forms (CO2, CO, etc.), in the form of CO3 radical in carbonates and other minerals, free phases (graphite, diamond), carbides and in atomic state. 
Basic difficulty in studying of the solid samples containing carbon is the limited amount of the studied substance (50-100 mg) with its complex phase and chemical composition and small phase sizes (several micrometers). Concentration of carbon in these phases is around 10-3 to 10-4 wt.%. Therefore many local methods appear to be unsuitable for carbon content determination due to insufficient lateral resolution, sensitivity, and other factors. Therefore the problem of determination of low carbon contents is essential in geochemical researches with the direct use of the electron probe microanalysis. 
A complex method called "autoradiography-electron probe microanalysis" has been used for carbon content determination in natural and experimental samples. Principle of the method comprises EPMA imaging of radioautograms acquired by contacting a radioisotope containing sample with nuclear-track emulsion (Fig.3). Activation of samples is performed either by introduction of a radioisotope (Senin, et al., 1991; Senin, et al., 1994) or with use of activation methods (Shilobreeva, et al. 1994). Given that the content of radioisotopes in the sample is proportional to amount of silver on the radioautogram, EPMA is used to detect silver. The intensity of characteristic X-ray Ag Lα line serves as an analytical signal. Detection limit for carbon in silicate samples using this method is as low as 10-5 wt.%. 
A non-destructive approach using the 12C (d,n)13N nuclear reaction as well as electron microprobe analysis was also undertaken to demonstrate the distribution of carbon in natural glass from alkali basalts of the Shavaryn Tsaram eruptive center, in Mongolia. The occurrence of calcium carbonate phases in glass originating from deep in the mantle is reported. The carbon content of the natural basaltic glass matrix in which the carbonate phases were found was 0.16 wt.%.
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Fig.3 Electron image of the sample surface containing carbon in glassy phases and forsterite crystal (a). Surface of the same sample covered with nuclear-track emulsion which has been developed (b)
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