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Letters 
An Electron Microscope Examination of 
Deformed Polycrystalline Magnesium 
Oxide 

Metallic oxides have a wide potent ial  in m a n y  
high-temperature applications, and it is therefore 
impor tan t  that  methods are developed for the 
microstructural  examinat ion  of these materials 
in the deformed state. Transmiss ion electron 
microscopy has been widely used to observe 
dislocation configurations in ceramic single 
crystals; only a few reports have been publ ished 
on the applicat ion of this technique to poly- 
crystals, however, since the product ion  of suitable 
thin foils is often difficult under  such condit ions 
due to substantial  porosi ty and /or  weak second 
phases. Argon- ion  b o m b a r d m e n t  has been 
employed to thin some polycrystalline ceramics 
[1, 2] but ,  whilst this only slightly enlarges any  
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pores, a recent study suggests that  it introduces 
some radia t ion damage [3]. 

In  the present work, polycrystall ine mag- 
nesium oxide, available f rom a previousinvestiga- 
t ion [4], was produced by hot-pressing M g O  
powder with 3 wt ~ L iF  for 3 h at 1000 ~ C a nd  
anneal ing for 3 h at 1300 ~ C. The average grain 
size was 12Fro, the density was > 9 9 . 8 ~  
theoretical, and  the pur i ty  was 99.98 ~ of which 
the major  impur i ty  was 75 ppm Li result ing from 
the use of L iF  as a densifying additive. To permit  
a study of the dislocation configurations in the 
deformed state, three specimens were tested in 
compression at temperatures of 600, 1000 and  
1400 ~ C respectively, under  a constant  force rate 
of 1.38 • 106 dynes/cm 2 sec. The deformed and 
fractured specimens were sectioned on  a d i amond  
saw into strips of  N 0.5 m m  thickness, and discs 
of 2.5 m m  diameter were cut out ultrasonically.  
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A flat-bottomed 0.9 mm diameter ultrasonic drill 
was used to "dish out" the specimens on one side, 
to a central thickness of ,-, 0.25 ram. They 
were then thinned chemically by immersing in 
orthophosphoric acid at 150 ~ C and withdrawn 
at the first sign of perforation. The thinned discs 
were inserted directly in the electron microscope, 
thereby avoiding the possibility of introducing 
mechanical damage when cutting thin pieces 
from larger strips [5 ]. The foils were examined in 
an A E I  E M 6  electron microscope operating at 
100 kV. 

The majority of discs prepared in this way 
showed large areas suitable for transmission 
around the small central hole. Careful examina- 
tion revealed no damage in the specimens due to 
the ultrasonic cutting or "dishing" operations, 
either in the E M 6  electron microscope or in 
thicker sections of two discs examined in the 
Cavendish Laboratory high voltage microscope 
operating at 700 kV. 

An example of the grain configuration is shown 
in fig. 1 for the specimen tested at 600 ~ C. At this 
temperature, no measurable plastic strain occur- 
red, and the majority of grains were entirely free 
of dislocations; the few isolated dislocations 
occasionally observed were probably grown-in. 
In contrast, in the specimen deformed at 1000 ~ C, 
which fractured at a plastic strain of ~ 0.001, 
mobile dislocations were observed in most of the 
grains, and there were many dislocation loops 

Figure I Grain configuration in a specimen tested at600 ~ C 
The material is brittle at this temperature, and the majerity 
of grains are entirely free of dislocations. 
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of the type examined in some detail in deformed 
MgO single crystals [6, 7]. 

Substantial ductility is possible in polycrystal- 
line MgO at high temperatures, since slip then 
takes place on both the {1 10} (110) and {100} 
(1 10) systems, thus providing the five indepen- 
dent slip systems necessary for polycrystalline 
plasticity [8]. Furthermore, tension tests on MgO 
single crystals have shown that 90 ~ intersections 
of the {110} (1 10) slip systems are possible at 
temperatures of 1300 ~ C and greater [9]. An 
examination of the specimen tested at 1400 ~ C, 
which fractured at ~ 0.1 plastic strain, revealed 
an extensive dislocation structure in all grains, 
with much evidence of the initial stages of  
polygonisation and cell formation. It was a 
general impression from many observations that 
cell structures were more advanced in grains of  
particular orientations, but no quantitative 
measurements were taken to substantiate this 
because of the uncertainty in relating observed 
orientations in the plane of the foil to orient- 
ations with respect to the loading axis. 

A prominent feature in the specimen tested at 
1400 ~ C was the widespread occurrence of 
hexagonal networks, as shown in fig. 2a; these 
have been reported in MgO single crystals after 
deformation to high strains ( >  0.3) at 1800 ~ C 
or greater [10, 11] but not apparently at 
temperatures as low as 1400 ~ C. Stable networks 
form on (1 10) planes due to the interaction of 
the slip vectors of dislocations on oblique (i.e. at 
60 ~ ) planes, according to the standard reaction: 

a (-/ _.__>. a 
~ [110] + ~ ( i01]  ~ [011] 

When viewed in a (001) plane, as in fig. 2a, the 
hexagons are elongated so that the shortest side 
is in a (1 10) direction. Theoretically, the ratio of 
"height" to "shortest side" is 3, but this is not 
entirely fulfilled in the example shown here 
because the network is still in the early stages of 
formation. The dislocation contrast in fig. 2a is 
produced by a (1 10) reflection and the same net- 
work is shown in fig. 2b with a (0 [ 0) reflection. 
Using the g.b = 0 criterion, where g is the 
reciprocal lattice vector for the operating 
reflection, the Burgers vector b of the extinguished 
dislocation is a/2 [i 01 ]. 

These results show that a chemical technique, 
which avoids the possibility of introducing 
mechanical damage, may be used to prepare thin 
foils of polycrystalline magnesium oxide approx- 
imating to theoretical density and it seems likely 
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Figure 2 Hexagonal dislocation network in a specimen deformed at 1400 ~ C to 0,1 plastic strain. (a) with g = (113) 
(b) with g = (010). (Diffraction patterns corrected for image rotation.) 

that a similar method is also applicable to other 
fully-dense polycrystalline ceramics. 
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A Note on the Fracture of Polyester Resin 

Armed with the ideas of fracture mechanics, 
designers are able to approach with more 
equanimity than hitherto the problems of design- 
ing with brittle and potentially brittle materials. 
Conventional methods of studying ductile/brittle 
behaviour - Charpy and Izod tests for example - 
have always been regarded with some suspicion, 
�9 1969 Chapman and Hall Ltd. 

and these are being relinquished without regret 
in favour of tests based on the more formal 
stress-intensification and crack propagation 
notions. In comparison with the old impact 
tests, which are mechanistically more complex, 
the newer methods are certainly more easily 
related to physical processes. Charpy tests and 
the like are notorious for their unreliability and 
for the fact that the properties measured by them 
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