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a result of energy emission due to electron jumps from 
orbit with a higher level of energy to free space in orbit 
with a lower energy level the electron knocked out by the 
electron from the primary beam. The wavelength and 
energy of the radiation depends on the atomic number of 
the element and do not depend on the physical and 
chemical state of the material. Based on the analysis 
wavelength or energy of the radiation intensity can be 
carried out a qualitative and quantitative analysis of 
chemical composition of the test material micro regions. 
This analysis is not possible for the lightest elements - 
hydrogen or beryllium [1, 8].  

Analysis of chemical composition by chemical analysis 
is micro regions in a small volume irrespective of the 
measuring technique. EDS microanalysis is based on one 
of the effects of interaction of electrons with atoms of the 
analyzed material characteristic X-ray emission. The basis 
of all measurements micro analytical is that the energy 
(wavelength) and intensity of the radiation characteristic 
depends on the chemical composition of the test sample 
micro volume [1, 6].  

Depending on the method of detection of X-rays, there 
are two types of spectrometers: a spectrometer to measure 
the wavelength of X-rays (called wavelength dispersive 
spectrometry- in short WDS) and a spectrometer measures 
the energy of X-rays (called. Energy dispersive 
spectrometry EDS at a glance or energy dispersive X-ray 
spectroscopy- in short EDXS) [1, 9].  

Characterizing the X-ray microanalysis in general, should 
be underline, the minimum detection is typically less than 
0.1% by mass of the element. With a precision in the range of 
1-5% analyzed concentration. The relative measurement error 
after applying the correction is approximately 2% of the 
analyzed concentrations [1, 3, 10-17]. 

2. Material and methods 

The investigations were performed of the MgAl6Zn1 
alloy with the chemical composition presented in Table 1.  

 The magnesium alloy MgAl6Zn1 was used for 
investigations, supplied in form of moulds, with a standard 
heat treatment carried out, including solution heat treatment 
at 505°C for 600 min and ageing at 170°C for 720 min. 

The examinations of thin foils microstructure and phase 
identification were carried out on the S/TEM Titan 80/300 
transmission electron microscope (TEM), at the accelerating 
voltage of 300kV. TEM specimens were prepared by cutting 
thin plates from the material. The specimens were ground 
down to foils with a maximum thickness of 80�m before 3mm 
diameter discs were punched from the specimens. The disks 

were further thinned by ion milling method with the Precision 
Ion Polishing System (PIPS™), used the ion milling device 
model 691 supplied by Gatan until one or more holes 
appeared. The ion milling was done with argon ions, 
accelerated by a voltage of 15kV, energy and angle are 
presented in Table 2.  

Table 1. 
Chemical composition of investigation alloy 
The mass concentration of main elements, %
Material type Al Zn Mn Si Fe Mg Rest 
MgAl6Zn1 5.92 0.49 0.15 0.037 0.007 93.330.0613

Table 2. 
Ion milling parameters using for polishing 

Angle [°] Energy [KeV] Time [min] 
5.5 3.6 190 
3.5 3.0 10 

3. Investigation results 

X-ray microanalysis based on an analysis of X-ray 
characteristic emission of the chemical composition makes 
it possible to examine the micro regions of laser remelted 
and alloyed magnesium cast alloys. On Fig. 1a-c there are 
presented microareas of analyzed EDS sample with 
subsequent magnifications. On the basis of observations 
there was determined the size of the precipitation of 
approx. 140 nm. 

Based on the analysis results obtained from X-ray 
scattering analysis (Fig. 2) it was found that the 
investigated particle is the matrix Mg phase. 

On Fig 2 there are presented the investigation results of 
quantitative microanalysis of the chemical composition of 
the alloy. The analysis shows that the higher the 
magnification of the microscope and the measurement area, 
the main element quantitative analysis of Mg showed that the 
concentration decreases from 82.6% to 70.4%. In contrast, 
silicon, and aluminum concentration is increased from the 
minimum value of 4.01% and 5.11% to 11.2% and 9.5%. 
respectively. A reduced magnesium concentration in the 
results of the EDS analysis is associated with the fact, that the 
increase of magnification induces an effect of X-rays 
scattering only from the analyzed particles and the effect of 
Mg matrix is limited (Fig. 3). 

The electron beam diameter is in the range of the scale 
marker length, so the scattered X-Rays are coming from the 
same configuration of the electron beam and therefore the 
electron counts.   
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Fig. 1. Subsequent images with increasing magnifications 

Fig. 2. Results of chemical analysis of micro-regions from 
the area as shown in Fig. 1b 

Analyzing the results of microprobe chemical 
composition, it was found that the alloy components Si, Al 
and Mn for multiplying designate a trend line-increase of the 
concentration of the element used with increasing 
magnification. The trend line in this case is a linear one, the 
regression coefficient R2, depending on the test element is in 
the range of 0.84-0.97 (Fig. 4 and 5). According to the Stanisz 
scale [10] this relationship is known as a very high correlation 
of 0.9 and therefore very well, whereas in the Guillford scale 
[11] is also very high and the dependency coefficient is 
defined as significant (more than 0.9).

The angular coefficient of the line in the approximated 
equations assumes values > 0.03. This means that the increase 
in the concentration of the analyzed element in the separation 
is low. 

40 nm 10 nm 
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Fig. 3. Mass concentration of the measured elements 

Fig. 4. Mass concentration of the elements found in the 
following measurements 

Fig. 5. Atomic concentration of the elements found in the 
following measurements  

4. Summary 

The metallographic investigations performed on the 
transmission electron microscope using the EDX analysis 
confirm the occurrence of alloying additives like Si, Fe, Mn as 
well as the carbon and other ceramic powders compounds 
distributed in the Al matrix. 

Lower magnesium concentration in the EDS results is 
connected with the increase of magnification induces an 
effect of X-rays scattering only from the analysed particles 
and the effect of Mg matrix is limited. 

In the mass concentration results there is a clear step of 
the concentration values between 30kx and 60kx, the 
exactly reason is not now, but it is probably due to the non-
uniformity of the matrix chemical composition of the 
investigated area. 

Acknowledgements 

This research work was financed partially within the 
framework of the Polish State Committee for Scientific 
Research Project (NCN) No. 2011/01/B/ST8/06663 headed 
by dr Krzysztof Labisz DSc. Eng. 

References 

[1] A. Barbacki, Electron microscopy, Publisher of the 
Poznan University of Technology, Pozna� 2003 (in 
Polish). 

[2] L. B!a�, J. Kaneko, M. Sugamata, Microstructural 
evolution in mechanically alloyed Al- heavy metal 
oxide composites, Materials Chemistry and Physics 
(2003) 387-389. 

[3] L.A. Dobrza�ski, E. Hajduczek, Light and electron 
microscopy, WNT Publisher, Warszawa 1987 (in 
Polish). 

[4] A. Laskin, J.P. Cowin, M.J. Iedema, Analysis of 
individual environmental particles using modern 
methods of electron microscopy and X-ray 
microanalysis, Journal of Electron Spectroscopy 
150/2-3 (2006) 260-274. 

[5] H. Kaczmarek, R. Czajka, M. Nowicka,  
M. Wi�niewski, Polymers investigation using AFM 
microscope, Polymers 48/2 (2003) 91-98 (in Polish). 

[6] D.A. Wollman, K.D. Irwin, G.C. Hilton, L.L. Dulcie, 
D.E. Newbury, J.M. Martinis, High-resolution, 
energy-dispersive microcalorimeter spectrometer for 
X-ray microanalysis, Journal of Microscopy 188/3 
(1997) 196-223. 

4. Summary

Acknowledgements

References



63READING!DIRECT:!www.journalamme.org

Volume!69!·!Issue!2!·!March!2015

[7] B. Fultz, J.M. Howe, Transmission electron 
microscopy and diffractometry of Materials, Springer-
Verlag Heildelberg, 2001. 

[8] J. Goldstein, D.E. Newbury, D.C. Joy, C.E. Lyman,  
P. Echlin, E. Lifshin, L. Sawyer, Scanning electron 
microscopy and X-ray microanalysis, Kluwer 
Academic/Plenum Publishers, New York, 2003. 

[9] D.B. Wiliams, C.B. Carter, Transmission electron 
microscopy, Plenum Press, New York, 1996. 

[10] A. Stanisz, Statistic basic for researcher issue 21 
correlation analysis, Practical Medicine 10 (2000) 
176-181 (in Polish). 

[11] I. Dziubi�ski, T. �wi�tkowski, Methematic guaid, 
PWN Publisher, Warszawa, 1980 (in Polish). 

[12] W. Ozgowicz, K. Labisz, Analysis of the state of the 
fine-dispersive precipitations in the structure of high 
strength steel Weldox 1300 by means of electron 
diffraction, The Journal of Iron and Steel Research 
18/1 (2011) 135-142. 

[13] T. Ta�ski, K. Labisz, Electron microscope 
investigation of PVD coated aluminium alloy surface 

layer, Solid State Phenomena 186 (2012) 192-197. 
[14] J. Konieczny, L.A Dobrza�ski, K. Labisz,  

J. Duszczyk, The influence of cast method and 
anodizing parameters on structure and layer thickness 
of aluminium alloys, Journal of Matererials 
Processing and Technology 157-158 (2004) 718-723. 

[15] A. W!odarczyk-Fligier, L.A. Dobrzanski, J. Konieczny, 
Structure of EN AW-Al Cu4Mg1 (A) composite 
materials reinforced with the Ti (C, N) ceramic particles, 
Journal of Achievements in Materials and 
Manufacturing Engineering 51/1 (2012) 22-29. 

[16] M. Adamiak, Microstructural characterisation of EN 
AW6061 alloy matrix composites with Ti3Al 
intermetallics reinforcement, Journal of Achievements 
in Materials and Manufacturing Engineering 31/2 
(2008) 290-293. 

[17] L.A. Dobrza�ski, M. Krupi�ski, K. Labisz,  
B. Krupi�ska, A Grajcar, Phases and Structure 
Characteristics of the Near Eutectic Al-Sl-Cu Alloy 
Using Derivative Thermo Analysis, Materials Science 
Forum 638-642 (2010) 475-480. 


