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Abstract

Ceramic matrix composites of silicon carbide �bres in a silicon carbide matrix
with boron nitride interphase are promising candidates for replacing super-
alloys in the hottest part of aerospace engines, reducing the need for cooling
and increasing the fuel e�ciency. This needs a thorough understanding of
how these materials degrade under high levels of stress combined with high
temperatures in an oxidative environment. This work presents a detailed in-
vestigation of the degradation in the interphase and surrounding interfaces.
Advanced electron microscopy and electron energy loss spectroscopy are used
to extract information on the degradation process. It was found that silica
and boria form along with a migration of silica into the interphase. At 1000
◦C the degradation along the surface leads to early fracture at the surface
and eventually complete fracture of the composite, lower temperature allows
for the oxidation to reach the centre of the sample before complete failure.
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Figure 1: Di�raction patterns from the interphase in the sample CMC1000.

Figure 2: Di�raction patterns from the interphase in the sample CMC600.

1. Turbostratic structure of the boron nitride

Selected area di�raction of the remainind interphase is found in Figures
1, 2 and 3. The ring pattern is consistent with that of sp2-hybridised BN,
and the di�use rings indicate tBN. Some of the samples have uneven inten-
sity of the rings that follow the curvature of the �bres, indicating a slight
anisotropy with a preference for the sheets to aling along the �bre surface.
The turbostratic nature of the interphase was con�rmed by HR-TEM, see
Figures 4, 5 and 6.

Figure 3: Di�raction patterns from the interphase in the sample CMC400.
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Figure 4: HR-TEM image of the interphase in the sample CMC1000.
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Figure 5: HR-TEM image of the interphase in the sample CMC600.
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Figure 6: HR-TEM image of the interphase in the sample CMC400.
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(a) Silicon (b) Boron (c) Carbon

Figure 7: Silicon edges from database, α-silicon carbide and silica acquired by EELS. Boron
edges from database, Hexagonal boron nitride acquired by EELS and boria acquired by
XAS. Carbon edge from database, amorphous carbon, oxidised amorphous carbon and
graphite acquired by EELS.

2. Database spectra

Identi�action of compounds was done by "�ngerprinting" to database �ne
structure core loss spectra of relevant compounds, for the boron edge, data
from hBN was used [1; 2] as the atomic orbital arrangement should be most
similar to that of tBN, together with boria [2]. For silicon the reference
spectra were those of α-SiC [3; 2] and amorphous silica [2] . For carbon data
was compared to core loss spectra of amorphous carbon, oxidised amorphous
carbon and graphite [4; 2]. All databes spectra can be seen in Figure 7.

3. Additional elemental maps

3.1. CMC1000

Figure 8 shows elementa maps accross CVI SiC/interphase/�bre from the
CMC1000 surface sample, showing the presence of silica layers next to both
CVI SiC and �bre.

3.2. CMC600

Figures 9 and 10 show the �bre surface with oxide layer as well ad the
CVI/interphase interface of sample CMC600, showing the presence of oxide
on the �rbe but not on the CVI SIC.
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Figure 8: Elemental maps across the interphase of CMC1000 in the area between the two
�bres. The dots are contamination from parking the electron beam during alignements.

Figure 9: Elemental maps across the edge of the �bre in CMC600.

Figure 10: Elemental maps across the CVI/interphase interface in CMC600.
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