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HVEH IN CERANICS RESEARCH 

Gareth Thomas 
Professor, Department of Haterials Science and Mineral Engineering, 

College of Engineering, Univ. of California, Berkeley, California 94720 

The part1cular advantages of ' high voltage electron microscopy viz., 
improved penetration, higher resolution and reduced ionisation damage. 
lend themselves well to problems in ceramics. In previous conferences 
attention has been paid to these factors (1) and considerable progress is 
now taking place. Even so. the field of microstructure-properties re
lationships in ceramic materials lags ,,'eU behind these in physical metal
lurgy. In the present paper I shall summarise some of the research pro-' 
graTI~ currently underway in my group viz., magnetic materials e.g. fer
rites and refractory ceramics e.g. Si3N4 and its more complex derivatives 
the "S1elons". 

Refrae ramics - Silicon Nitride and Sialons 

(a) Intergranular Phases: The potential advantages of refractory cer
andcs for high temperature applications such as turbines, liquid met81 
containers are well recognized (2) since they have very attractive prop
erties (high modulus: density ratios, high melting points, oxidation re
sistance). However, due to fabrication difficulties the use of hot-press
ing additives such as MgO or Y203 are needed and the properties at high 
temperatures are impaired. It has been proposed that the impairment is 
due to the formation of an intergranular phase, probably glassy as a re
sult of the formation of silicates or crystalline oxy-nitrides. Atte~pts 
to prove this directly failed until high resolution TEN was adopted (J). 

The problem of resolving intergranular phases and whether they are amor
pbous or not is not trivial. From an electron microscopy vie,,--rpoint 
therefore. the following features at grain boundaries require character
ization. 1) Detecting the intergranular phases and their distribution, 
2) Determining whether these phases are crystalline, 3) Determining their 
chemical compositions. 

From a morphological viewpoint it is essential to choose the proper 
orientation conditions as sketched in fig. 1. Under conventional imaging 
conditions the. grain b\)\mdary should be vie,ved edge-on with simultClneous 
strong Bragg excitation in adjacent grains. The contrast from inter
grannlar phases if present and resolved depend upon whether they are 
al1lor\Jhous or crystalline. Amorphous phases (most probably silicates) 
generally appear in light contrast (low atomic nuwber-·-mass thickness 
contrast) as shown in Fig. 2a. Dark field imaging of the grains, ~l
though difficult, is preferable to enhance grain boundary interpha~~e 
contrast. However, the failure to detect intergranular phases by this 
metllod (good down tn about 20A or so) does not necessarily mean that no 
intergranular phase is present. One must then resort to high resolution 
lattice or structure imaging as shown in Fig. 2b. This work must be done 
currently at lOOkV due to the inferior resolution capabilities of ollr 
650kV microscope, but with the addition of a new 1.5MeV instrument capable 
of lattice imaging to 2A. resolution,solution of these problems \Jill be 
facllitated greatly. 



is a void surrounded by a region of garnet, different in composition from 
the bulk due to microsegregation. The stress field around this generates 
some dislocations in the GeG as seen in this micrograph. Further work on 
the microsegregation problems requires HVEM and STEt-! to establish the 
actual nature of the segregating species. 

Thus in conclusion, T would like to emphasize that HVEH is. having a 
signi.ficant imp~lct on ceCWJ:lCS research in answering some of the existing 
questions, and the development of HV-HREM and STEM will provide even 
fu rtller insight especially with regard to highly localized defects. 

We thank ERDA and NSF for financial support of this research. I am 
grateful to Drs. R.K. Mishra, D.R. Clarke and Mr. T.M. Shaw for providing 
me with the illustrations. 
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FIGURE CAPTIONS 

Contrast conditions to detect inter granular phases; grain boundary 
must be oriented parallel to incident beam with strong Bragg excitati.on 
simultaneously in both grains. Lattice images can be obtained of 
diffraction planes corresponding to gl and g2. 

a) Bright field image corresponding to Fig. 1 showing inter granular 
phase and the diffraction conditions. SAD B is from grain B and SAD A 
is from both the grains at A. Width of the intergranular phase decreases 
as indicated. 650KV. (T.M. Shaw) 

b) High resolution lattice fringe image corresponding to Fig. 1 showing 
the crystalline grains and the noncrystalline intergranular phase near 
a triple grain junction. lOOKV (D.R. Clarke) 

a) A lattice fringe image showing a third phase between two grains of 
S-Si3NH and YSiON. Note the discontinuity of lattice fringes at the 
interpnase boundary. lOOKV. 

b) Microanalysis trace obtained from an oxynitride phase. 
presence of transition and alkali elements as impurities. 

Note the 
(D.R. Clarke) 

a) Lattice fringe image from a polytype of MgSiAlON showing 32A fringe 
periodicity. The irregularities in the fringe spacings are due to 
disorder in the polytype structure. 650KV. 

b) Lattice fringe image from Be
9
Si N

lO 
with the periodicity corresponding 

to the closepacked planes. Note t~e change in contrast in every fifth 
fringe in this lSR polytype. and the deviation from ideal structure at 
A with 6 fringes in one iVblock H

• (T .M. Shaw) 

a) Dark field (g-I10) image of wedge shaped LiFeSOg 
symmetrical orientation. The domains labeled 1 and 
P4

l
32 structures respectively. and are separated by 

crystal near [332] 
2 have P4

3
32 and 

a boundary. (650KV) 

b) Simulated micrograph of a). The boundary has not been simulated 
~O/~O'=..07. ~g/~gl"".OS for all g. (0. Van der Biest) (Fig. 5 below) 

a) Darkfie1d image showing a stacking fault in LiFe
5

0
8

. The fault lies 
on [111] plane with R"" t [Ill] and is an anion fault. 650KV. (R.K. Mishra) 

b) Screw dislocations in Z~2~a2Fe12022 with Burgers vectors [1210] on 
(0001) . 650KV. (R.K. Mishra) . 

BF image showing a void (A) in Gadolinium Gallium Garnet (GGG) , The 
Region B surrounding the void has garnet structure and the contrast 
is due to the composition difference. Some dislocations (C) are 
present around B. 650 KV, (R.K. Mishra) 
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Fig. 1 
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Fig, 2b 
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Fig. 3a 
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Fig. 3b 
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Fig .. 4a 
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F'ig. 4b 
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Fig. Sa Fig. Sb 
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Figo 6b 
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Fig. 7 
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This report was done with support from the United States Energy Re
search and Development Administration. Any conclusions or opinions 
expressed in this report represent solely those of the author(s) and not 
necessarily those of The Regents' of the University of California, the 
Lawrence Berkeley Laboratory or the United States Energy Research and 
Development Administration. 
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