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GLASS.,.FREE GRAIN BOUNDARIES IN BeSiN CERAMICS 

T. M. Shaw? O. L. Krivanek and G. Thomas 

Department of Materials Science and fi1ineral Engineering 
. Lawrence Berkeley Laboratory 

University of California 
Berkeley, California, 94720 

The high temperature loss in strength of nitrogen ceramics is well· 

known and h.as neen attri.Quted to the formation of a continucyus glassy film 

at grain boundaries during fabrication(1,2). Softening of the glass at high 

temperatures enables grain boundary sliding to occur, drastically reducing 

strength. Improvements in strength have been achieved by strict control of 

grain boundary chemistry either by the reduction of the impurity contents 

of the glass(3) or by the addition of more refractory glass forming elements 

such as yittrium(4). More dramatic improvements in high temperature strength 

would however be expected if nitrogen ceramics could be fabricated without 

the formation of an intergranular glassy film. 

Observations made using dark field and lattice fringe imaging in the 

transmission electron microscope have shown that a continuous film of 

glassy phase does exist at boundaries in Si3N4 samples prepared with MgO(5) 

and Y203(6) additives. The purpose of this note is to report observations 

that indicate that in the Be3N2-Si3N4 system, nitrogen ceramics with glass­

free boundaries can be produced. 

Grain boundaries in two samples with compositions corresponding to 

system were examined using high res·olution dark field imaging. The samples 

were prepared by hot presssing Si3N4? Be3N2 powder mixes as described by 
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Huseby, et a 1 (7) . Thi n secti ons of the bul k samples were prepared by the 

usual techniques of sectioning, grinding and ion beam thinning. 

The dark field technique used to examine the grain boundaries (desribed 

elsewhere in detail)(a) consists of excluding all Bragg reflections from the 

objective aperture and allowing only diffuse intensity from any glassy film 

at the grain boundaries to contribute to the image. Boundaries imaged 

using these conditions will then appear as a bright line in the dark field 

image only if a glassy film exists at the boundary. Care was taken to 

maximize any contrast present by ti lti ng the boundary until it was edge on 

and by recording images with several positions of the objective aperture. 
o 

This type of contrast is seen in Fig. 1 in which a l5A film between two 

Si3N4 grains in a sample in MgO sintered Si3N4 has been imaged. Correspond­

ing images of boundaries in the BeSiN sampl~s sbowed no such contrast in 

most cases, (Fig. 2), and only a very faint line at a few boundaries. l~here 

faint contrast was observed estimations of the boundary width from the 

lines intensity indicated a width of less than 3A. This suggests that the 

contrast arises from the disordered boundary structure and not from a 

distinct glassy phase. 

These observations indicate that grain boundaries are free of 

any glassy phase. ~This result was further supported by the observations 

that no pockets of glassy phase had formed at three grain junctions and that 

the grains were epiaxed with curved boundaries forming equilibrium angles 

at three grain junctions. 

Further work is required to understand how these ceramics are formed 

but these preJiminary experiments clearly show that certain nitrogen cer­

amics can be densified without.the formation of a glassy film at the grain 

boundaries. This in turn should lead to materials with better high tem-

perature strengths. 



• 

-3-

\ 

ACKNOWLEDGEMENTS 

We are grateful to Dr, L. J. Gaukler~ Max-Planck Institut fur Metall­

forschung, Stuttgart, for providing the samples. This work was supported 

. by the National Science Fou.ndation and the Division of Materials Science, 

Office of Basic Energy Sciences, U. S. Department of Energy. 



-4-

REFERENCES 

1. R. Kossowsky, D .. G. Miller, E. S, Diaz? "Tensile andCreE!P Strengths 

of Hot-·Pressed Si3N4"' J. Material Sci., lQ, 983-997 (1975). 

2. M. H. Lewis, B. D. Powell, P. Drew, R. J, Lamby, B. North and A. J. 

Taylor, liThe Formation of Single-Pbase Si-Al-O-N Ceramics", J. Mat. 

Sci.,.l1., 61-74 (1977). 

3. D. W. Rocherson, "Effect of Impurities on the High Temperature Mechan­

ical Properties of Hot-Pressed Soliscon Nitride", Amer. Ceram. So. Bull., 

g (7), 560-562 (1973). 

4. G. E. Gazza, "Effect of Yttria Additions on Hot-Pressed Si3N4"' Amer. 

Ceram. Soc. Bull, 54(9),778-781 (1975). 

5 0. L Krivanek, T. ~1. Shaw and G. Thomas, "~1icrostructure of Hot-Pressed 

and Sintered Silicon Nitrides", submitted to J. Amer. Ceram. Soc. (1978). 

6. D. R. Clarke and G. Thomas, "Microstructure of Y203 Fluxed Hot-Pressed 

Silicon Nitride", J. Amer. Ceram. Soc., .li, 114-118 (1978). 

7. 1. C. Huseby, H. L. Lukas and G. Petzow, "Phase Equilibiria in the System 

8. 0. L. Krivanek, T. M. Shaw and G. Thomas, "Imageing of Thin Intergran­

ular Phases by High Resolution Electron ~1icroscopy", submitted to J. 

Appl. Phys. (1978). 

v 

" • 



-5-

FIGURES 
o 

Fig. 1. CaJ. Brightfi.eld~ Cbl dark field images of a l5A. fiJm between two 

Si:3N4 grai ns in a MgO si ntered Si 3N4 ' 

Fig. 2. Ca} Bright field~ (b) dark field images of a grain boundary in 

BeSiN2. Bright contrast is absent at the boundary indicating 

absence of any intergranular film . 
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