MatSE 471

Laboratory 5

SEM / EDS of Microstructures

Objective

The objective in this laboratory is to analyze the phases present in the microstructure of a dental amalgam using SEM (Scanning Electron Microscopy) and EDS (Energy Dispersive Spectroscopy).

Background –EDS

Energy dispersive spectroscopy is a method of chemical analysis often used in conjunction with SEM. If you recall, when electrons from the SEM electron beam hit a sample, some electrons in the sample are knocked out of their orbitals. Some of these electrons make it all the way out of the sample to the electron detector and ultimately form the image you see on the monitor (see previous lab). At the same time, x-rays are produced from electrons in outer orbitals dropping down to the now vacant site in one of the lower orbitals. Since the energy level of a lower orbital is less than that of the outer orbital, the dropping electron emits an x-ray having energy equal to the energy difference between the two orbitals. The orbital energy levels of a given element (Fe, Sn, Au, whatever) are very well defined, so it is possible to detect the presence of any element from the characteristic energies of the x-rays produced when bombarded by electrons.

The energies of these characteristic x-rays is measured by an x-ray detector, mounted off to the side of the electron beam; this detector (and the software to run it) is generally referred to as an "EDS" system. Sometimes specific brand names, e.g., KEVEX, EDAX and LINKS, are used. By focusing the electron beam on a particular spot on the sample, it is possible -by measuring the energies of x-rays emitted from the sample- to match the x-ray spectrum from that spot with known x-ray energies for a given element, and thereby to determine the element or elements present in that spot.

The specific energies of the x-rays emitted by the sample allow one to identify which element (or elements) is present.  In addition, the number of x-rays generated indicates how much of that element is present.  In the case where several elements are present (for instance, in Cu3Sn, where both Cu and Sn are present), once can estimate the relative amounts of each element from comparing the relative numbers of Cu and Sn x-rays; this is most easily done by comparing peak areas (or, less precisely, the peak heights) of the largest Cu peak and the largest Sn peak in the EDS spectrum. For Cu3Sn, one would expect the largest Cu peak to be approximately 3 times larger than the largest Sn peak, indicating that 3 Cu x-rays were generated for every one Sn x-ray.  The comparison of peak heights, in the absence of known calibration standards, is not an accurate technique; however, it does give a good first estimate of the possible composition of the phase under examination.

Background - Elements and Phases Present in an amalgam tooth filling
Dental amalgam is a Hg-Ag-Cu-Sn alloy. It is formed by the reaction of liquid Hg with powders of Ag3Sn and Ag-Cu (prealloyed powders of approximately the eutectic composition). After the reaction, the phases can include:

Unreacted (leftover) Reagents :

liquid Hg

Ag3Sn ((0, also called just ()

Ag-Cu eutectic

Reactant Products: 

Ag3Hg4  ((l)

Cu6Sn5  ((()

Cu3Sn  (()

Sn7-8Hg ((2)

An amalgam which contains either liquid mercury or the (2 phase is undesirable. The former is associated with toxicity effects (though it is sometimes found in real fillings!), and the latter corrodes very easily.

Procedure

Each group of students will examine an amalgam tooth filling as prepared by a dentist. The group should record a low magnification image of the microstructure (make one copy for each person), then each student should take his/her own higher magnification picture of one of the phases present in that microstructure. Each student should identify his/her chosen phase using EDS. (Instructions on how to use the EDS system are provided in Appendix 5.1) Preferably, at least four distinct phases should be detected and identified by the group as a whole. Each student should turn in the following:

1) One low magnification SEM micrograph, upon which several microstructural features corresponding to different phases are appropriately labeled (e.g., 2,, etc.).

2) One high magnification SEM micrograph, clearly showing the phase analyzed by the individual student 

3) The EDS spectrum corresponding to #2) and 

4) A brief paragraph or two which presents your conclusions (and the reasons behind them) for the a) overall composition of the alloy, b) the identification of each phase, and c) your educated guess as to whether any of the "undesirable" phases are present. 

