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1 2 Since the early work of Washburn and co-workers, ' showing that 

it was possible to use transmission electron microscopy to observe 

dislocations in MgO in a manner similar to that for metals, a number of 

papers have been published dealing with the examination of ceramic 

materials by electron microscopy. These have, however, dealt almost 

exclusively with work on· single crystals. Recently, Hulse and Tice3 

presented a fracture method for obtaining thin foils of a number of 

polycrystalline ceramics, but a disadvantage of their technique is that 

it yields only extremely small foils and these rarely contain even low-

angle grain boundaries. In this note, a simple method is presented for 

obtaining thin foils of polycrystalline MgO; the difficulty of thinning 

material containing a high degree of porosity, and the possibility of 

introducing mechanical damage into the foil during the preliminary 

handling, is also discussed. 

Two types of material were used in this work. The first, obtained 

commercially (Honeywell Inc., Minneapc, is, Minn.), was opaque, with a 

porosity of 'vl. 5%, and an average grain size of 'V20p. The majority 

of pores in this material were located on the grain boundaries, 'l'he 

second material was produced in this lCJJ)oratory by hot-pressing MgO 
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powder with a 3% LiF additive; full details of this technique are given 

4 elsewhere. The resultant specimens had an average grain size of rvl51J, 

and no observable porosity; the measured density was better than 99.5% 

theoretical. 

To prepare thin foils, small pieces of the material (approx. 

3 x 3 x 0.6 em) were stuck to a micarta block, and carefully sectioned 

with a diamond saw to produce strips of rv0.3 mm thickness. The edges of 

the strips were coated in a masking lacquer, and the strips were then 

chemically thinned by immersing in ortho-phosphoric acid at 150°C. 

During this initial procedure, each strip was examined periodically with 

a binocular eye-piece, and, when the first hole appeared, the strip was 

removed from the acid and washed thoroughly in distilled water, methyl 

alcohol and ethyl ether. Additional lacquer was then applied around the 

hole, and the fin.al thinning carried out by dipping by hand in a fresh 

solution of ortho-phosphoric acid at 150°C. It was often necessary to 

repeat this stopping-off.process a nwu.ber of times before the strip was 

sufficiently thin that a number of small holes appeared in the center. 

• ' · Finally, the specimen was washed thoroughly, and examined under the 

optical microscope. 

Very thin areas suitable for use in the electron microscope 
·0 

(rvlOOO A thickness) were.located by the existence of interference 

fringes at the edges of the holes. A similar technique has also been. 

. used with single crystals of Mg0 2 and A1 203. 5 A typical example is 

shown in Fig. 1 for the high-density material; in this case the situation 

is particularly favorable for electron m:tcroscopy, since there is a 
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wide area of very thin material between the two converging holes. With 

this material, the edges of the holes were fairly smooth, and there was 

no preferential attack at the grain boundaries. In contrast, the pores 

of the lower density material opened up during the chemical thinning, 

with the result that whole grains were often removed from the edge of 

the foil.. This gave rise tci a very irregular edge around the holes, 

as shown in Fig. 2 where large pores are also visible within the foil, 

both along grain boundaries (A) and at triple points (B). It is there-

fore clear that good results, partic1Ll::1.rly involving studies of boundary 

structure, can only be obtained with material approaching theoretical 

density. 

An examination of specimens in both the undeformed and deformed 

6 states revealed the ease of introducing mechanical damage into the 

foils during the preliminary handling. In the undeformed condition, the 

high-density material was relatively dislocation-free, but dislocations 

could be introduced by·the cutting of the foil, as shown in Fig. 3. In 

practice, best results were obtained by removing very thin por~ions 

from the strips with a needle point, but even this may introduce some 

damage, and it is therefore essential to distinguish between mechanical 

damage introduced during handling and the genuine properties of the 

material . 

... , 
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The author is indebted to Larry Ernst for technical assistance. 

This work was performed under the auspices of the United States 

Atomic Energy Commission . 
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FIGURE CAPTIONS 

Fig. 1. Optical micrograph of thinned high-density polycrystalline 
f 

MgO, showing interference fringes in regions suitable for 

\.) transmission electron microscopy. 

Fig. 2. As for Fig. 1., for lower-density material; pores are visible 

within the foil along grain boundaries (A) and at triple 

points (B). 

Fig. 3. Transmission electron micrograph of polycrystalline MgO, showing 

introduction of dislocations into dislocation-free grain by 

cutting of the foil at point A. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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