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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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A JET POLISHING TECHNIQUE FOR THINNING TWO-PHASE MATERIALS
M.J. Witcomb* and U. Dahmen**

*Electron Microscope Unit, University of the Witwatersrand, Johannesburg
**National Center for Electron Microscopy, Lawrence Berkeley Laboratory, Berkeley,
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A common problem in the preparation of thin foils for transmission electron
microscopy is the different thinning rate in two-phase materials. Often this leads to foils
in which the majority, or matrix, phase is evenly polished while the minority, or
precipitate, phase is either etched out or stands proud of the surrounding material. In the
present report we describe a two-stage jet polishing technique that has been used
successfully on different relatively coarse two-phase structures.

The apparatus used in this work was a Fischione twin jet polisher, but similar
behavior was found using a Struers design. The technique relies on the standard polishing
characteristics of alloys in jet electropolishers. As illustrated in fig. 1 the polishing
behavior usually is a sensitive function of the applied voltage or the current drawn. If the
voltage is too low the sample develops a smooth double-concave profile but the dull
appearance of the surface indicates etching conditions (a). At increased voltage a well-
polished region begins to appear around the perimeter of the disc while the center still
shows the dull surface typical for etching (b). This behavior shows that the perimeter
region must draw higher current density than the center region, probably an effect of the
jet flow profile. A further increase in the voltage leads to a well-polished foil (c).
Finally, when the voltage is raised further, shiny dimples appear in the high-current
density regions at the perimeter of the film (d). Typically, this condition leads to
premature perforation of the foil at the edge without producing a usable hole in the center
even though the center region may still be in good polishing condition. Under these pitting
conditions, inclusions or second phase particles are often attacked preferentially. Each
particle becomes the center of a pit usually with very steeply wedged sides. By combining
this behavior with the known polishing behavior of the matrix it is possible to set up a
two-stage process in which the sample is polished under conditions appropriate for the
matrix until just before perforation followed by a few seconds at greatly increased voltage
to thin preferentially the second phase particlei.:

Fig. 2 illustrates the results obtained on an overaged Cu-Cr alloy. In (a) the foil was
thinned to perforation at a single voltage. From its thickness it is apparent that the
particle has been attacked more slowly than the matrix. If the two-stage process is used,
the particles are thinned preferentially (b), often with a small hole in the center of each
precipitate. Two-stage polishing of Fe-Cr and Mo-C alloys is shown in fig. 3.

Aithough the specific current/voltage characteristics of each solution and alloy
system will vary, it is believed that this technique is of general applicability for those

cases where a satisfactory electrolyte with behavior as shown in fig. 1 has been found.

This work is supported by the Director, Office of Energy Research, Office of Basic
Energy Sciences, Materials Sciences Division of the U.S. Department of Energy under con-
tract no.DE-ACO03-76SF00098. MJW thanks Wits, FRD for leave and financial support.



Fig. 3 Samples thinned by the two-stage technique.
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