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Fig. 1. All Euler microstructures before (a) and (b) and after (c¢) and (d) noise reduction, obtained by electron backscatter diffrac-

tion (EBSD): (a), (¢) Sample E; (b), (d) sample F.
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Kl 2 2850 C EH MR (HF) R 240 min J5 & E(a) il F(b) 1Y K HF B %4 4! (SEM)
Fig. 2. The secondary electron microscopy (SEM) of sample E (a) and F (b) after soaking in hydrofluoric acid at 50 C for 240 min.
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Fig. 3. Orientation imaging microscopy (OIM) (a) and (b), and Si3N,/Si3N, grain boundary networks (c) and (d): (a), (c) Sample E;

(b), (d) sample F.
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Fig. 4. ¢, = 40° section of orientation distribution function (ODF): (a) Sample E; (b) sample F.
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Fig. 5. Misorientation distributions of SisN,/SizN, grain boundaries of sample E (a) and F (b).
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Fig. 6. The frequencies of the gain boundaries with varied rotation axis in sample E (a) and F(b).
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Fig. 7. Misorientation distributions of SisN,/SizN, grain boundaries possessing rotation axis [0 1-1 0] (a) and (c¢) and [-1 2—-1 0] (b) and

(d): (a), (b) Sample E; (c), (d) sample F.
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Fig. 8. Schematic illustrations for the coincident atoms when two SizN; crystals have a misorientation of [0 1 —1 0]/180°(X2):
(a) Two identical N1 atoms; (b) 6 identical N2 atoms; (c) 6 identical Si atoms. Blue and red circles stand for the atoms before and

after rotation, respectively. Green dots represent the coincident atoms. Each plot contains 50 unit cells of SizN,.
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Fig. 9. Schematic illustrations for the coincident atoms when two SizN, crystals have a misorientation of [-1 2 —1 0]/180°(X3):
(a) Two identical N1 atoms; (b) 6 identical N2 atoms; (c) 6 identical Si atoms. Blue and red circles stand for the atoms before and

after rotation, respectively. Green dots represent the coincident atoms. Each plot contains 50 unit cells of SizN,.
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Fig. 10. (0 0 0 1) projections of grain boundary plane distributions of [0 1 —1 0]/180°((a) and (b)) and [-1 2 -1 0]/180°((c) and (d))
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the second strongest distribution, respectively.
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(d)) grain boundaries in sample E ((a) and (c)) and F ((b) and (d)).
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Table 1. The GBICs and PCSD values of [0 1 —1 0]/180° and [-1 2 —1 0]/180° grain boundaries observed in sample E and F.
Sample E Sample F
Misorientation(u v ¢ w/6) GBICs PCSD/(/nm?) Misorientation(u v ¢ w/6) GBICs PCSD/(/nm?)
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Abstract

The structure of grain boundary has an essential influence on the physical and mechanical properties,
especially the high-temperature mechanical properties of silicon nitride ceramics. In the present work, the five-
parameter analysis method which is established based on electron backscatter diffraction (EBSD), and
stereology and statistics are used to study the grain boundary character distributions in the two commercial
silicon nitride ceramic ball samples. These two samples are both fabricated by hot isostatic pressing but made in
China and abroad, respectively. The results indicate that the misorientation distributions of the two samples
radically deviate from the random distribution at a rotation angle of 180°, showing that the frequency of the
relevant grain boundaries is dramatically higher than that of the randomly distributed ones. These grain
boundaries are mainly those possessing the misorientations of [0 1 -1 0]/180° and [-1 2 -1 0]/180°,
corresponding to X2 and X3 boundaries, respectively. The grain boundary inter-connections (GBICs) of the X2
boundaries are basically the same in the two samples, and they are dominated mainly by the {0 0 0 1}/{0 0 0
1} basal-to-basal inter-connection. However, the GBICs of X3 boundaries are quite different in the two samples.
they primarily the {-1 2 -1 0}/{-1 2 —1 0} prismatic-to-prismatic inter-connection for the X3 boundaries in the
sample made in China, but it is mainly the {1 0 -1 0}/{1 0 —1 0} prismatic-to-prismatic inter-connection for the
X3 boundary in the sample made abroad. Crystallographic analysis shows that the planar coincidence site
density (PCSD) for the {-1 2 -1 0}/{-12 -10},{0001}/{000 1} and {1 0 -1 0}/{1 0 -1 0} GBIC are
2.45 /nm?, 7.95 /nm? and 9.10 /nm?, respectively, implying that the degree of the structural ordering increases
in turn. Further discussion emphasizes that the grain boundaries possessing {1 0 -1 0}/{1 0 -1 0} GBIC and
{000 1}/{0 0 0 1} GBIC should be one type of special boundaries due to their high degrees of structural

ordering.

Keywords: silicon nitride ceramic, electron backscatter diffraction, grain boundary character distribution,

grain boundary inter-connection
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