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Abstract

An important aspect for mechanical
properties in ceramic composites is to evaluate
the effect of whiskers/matrix interface
characteristics. This work presents
microstructural analysis of whiskers/matrix
interface of silicon nitride based ceramic
composites, reinforced with silicon carbide
whiskers. A high-resolution  transmission
electron microscope (HRTEM) has been used
for such evaluation, showing mainly the
presence of glassy phase at the whiskers/matrix
interface and boundaries / triple junction of
matrix grains. The predominant whiskers/matrix
vitreous interface indicates weak interaction
between whiskers and surrounding matrix,
which can activate crack deflection and crack
bridging toughening mechanisms, causing
significant increase of fracture toughness in
ceramics composites.
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Introduction

Research on ceramic composites has been widely
studied and analyzed. Processing and characterization at
room and high temperature are the main fields of study,
taking into account the potential application of composites
as structural materials. The applications of SisN4-SiCiy,
and Al,O;-SiC,,, composites include turbine components,
cutting tools, etc., due to their high mechanical and
thermal properties (1:5-6:14-15).

An important factor to be considered during
processing of whisker reinforced ceramic composites is
the need of a combination of whisker and matrix
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characteristics, bearing in mind the existing difference in
terms of thermal expansion, elastic modulus and chemical
compatibility, during the densification process (14). A
better chemical compatibility is essential for high
mechanical properties, considering the surface area and
small diffusion distance involved in the use of whisker as
reinforcement.

The preparation of ceramic composites with good
chemical and thermal stability is possible, as long as an
adequate choice of ceramic matrix is made, selecting those
which provide smaller interdiffusion and interfacial
reaction. Previous research used alumina, mullita and
zirconia, with whiskers as reinforcement (11).

Some researchers (7:13) have examined the effect of
the chemical surface of whiskers on mechanical strength
and fracture toughness of composites. showing the
importance of whiskers/matrix interface characteristics,
affected by factors as formation of chemical bonding and
differences of coefficient of thermal expansion.

Different toughness mechanisms can become active
on structural ceramic composites. depending upon the
type of bonding at the interface, the aspect ratio and
volume fraction (2). As examples, there are crack
deflection and crack bridging, both requiring a relatively
weak interface between whiskers and matrix (3;10).

This work has a objective to evaluate the
whiskers/matrix interface characteristics of silicon nitride
based ceramics composites reinforced with silicon carbide
whiskers from 10 and 30 vol.% by high-resolution
transmission electron microscope (HRTEM).

Materials and Methods

The matrix was prepared using silicon nitride
(H.C.Starck), aluminum nitride (H.C.Starck) and yttrium
oxide (H.C.Starck). As reinforcement, silicon carbide
whiskers were used (ICD-Group Inc.). Table I shows the
used compositions for ceramic composites.
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Table I: Compositions used in the fabrication of the
ceramic composites

Matrix (% weight) Whiskers (% vol.)
samples | SisN; | AIN Y,0; SiC
A 90 5 3 10
B 90 5 5 20
(1] 90 5 5 30

The powders plus whiskers were ball-milled for 24
h, using high purity alumina milling balls and dry ethanol.
The slurry was dried and each sample die pressed at 50
MPa, followed by cold isostatic pressing at 300 MPa. Hot-
pressed sintering was performed in graphite resistance
furnace in nitrogen atmosphere, using a heating rate of 20
°C min, with holding time of 30 min at 1750 °C.

The samples were prepared from thin slices of each
composition, mechanically polished to about 150 pm
thickness and followed by dimpling and subsequent ion-
beam thinning.

High resolution transmission electron microscopy
(HRTEM) images were taken from interface and grain
boundaries of Si:N-SiCy,, composites, using a 300 kV
Hitachi TEM. Bright and dark-field images and electron
diffraction-patterns were used in the analysis.

Results and Discussion

Composition A

For composition Si;Ny-10 vol.% SiC,,,, figure 1, the
presence of thin films of vitreous phase at whiskers/matrix
interface were observed, indicating an weak interaction
between whiskers and surrounding matrix.

Figure 1 — Bright-field image of composition SizN4-10 vol.%
SiCw showing thin films of vitreous phase (2nm) at
whiskers/matrix interface.
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In such case, depending upon the load condition,
crack deflection and crack bridging toughening
mechanisms would prevail.

Composition B

The composition SisN4-20 vol.% SiC,,, figure 2,
showed the presence of vitreous phase at triple junction of
the matrix grains and whiskers/matrix interface. The
Figure 3 presented the electron diffraction pattern triple
Jjunction of the grain matrix at point 2.

In SisN; based ceramics composites. to which
sintering aids were added during sintering process, a non-
crystalline phase is generally dispersed throughout the
microstructure, at triple junction grains and at grain
boundaries.

Figure 2 —Bright-field image of composition SiaNy-
20 vol.% SiC, . The presence of vitreous phases at triple
junction of the matrix grains (points 2) and whiskers/matrix
interface (point 1) is observed.

Figure 3 - Electron diffraction pattern triple junction of the
grain matrix (point 2) at figure 2.

Also the whiskers surface revealed the high
concentration of planar faults, related to internal structural
characteristics, giving rise to intense streaking in the
corresponding  electron-diffraction pattern, showed in
figure 4. This one-dimensional disorder perpendicular to
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the growth axis does not allow assigning a single well-
defined polytype to the whiskers (12:8).

Some authors (4:9) have defined that the whiskers
surface have tiny microfacets of alternating planes. The
nature of the surface is clearly visible in low angle SEM
micrographs. The notches dimensions formed in the
sequence of the stacked polytypes are correlated with
distances between the planar faults intersecting the
whiskers surface.

SIClw)

SiC

Figure 4 — The whiskers surface reveal the high
concentration of planar faults, related to internal structural
characteristics.

Figure & - Dark field

images of composition
SiaNg-30 vol.% SiCuy showing presence of vitreous
phases at whiskers/matrix interface (point 1).
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Composition C

For dark field and bright field images, figure 5 and
figure 6 respectively, was observed the presence of
vitreous phase at whiskers/matrix interface in composition
with 30 vol.% SiC,,,.

However, given the oxygen-rich surface chemistry of
as-received SiC whiskers, the presence of the continuous
vitreous phase at the whiskers/matrix interface and grain
boundaries is expected, particularly in the Si;N; base
composite, to which oxide sintering aids were added.

Figure 6 — Bright-field images of composition
SisNs-30 vol.% SiCy, showing presence of vitreous
phases at whiskers/matrix interface (point 1).

Conclusions

The analysis by HRTEM showed mainly the presence
of glassy phase at whiskers/matrix interface and triple
junction  of matrix  grains. The predominant
whiskers/matrix  vitreous interface indicates weak
interaction between whiskers and surrounding matrix,
which can activate crack deflection, pullout and crack
bridging toughening mechanisms, resulting in significant
increase of fracture toughness in ceramic composites.

Acknowledgments

FAPESP — Fundacdo de Amparo a Pesquisa do
Estado de Sao Paulo

CTA/IAE/AMR — Divisao de Materiais

IPEN — Divisdo de Materiais Ceramicos

UNIVERSIDADE DE AVEIRO- Departamento de
Engenharia Ceramica e do Vidro

187



References

I. Sandro A. Baldacim,Desenvolvimento, Processamento
e Caracterizacdo de Compoésitos Cerfimicos SisN.-
SiC,,, " Tese de Doutorado, IPEN/USP, 2000.

. Baldacim, S.A., Silva, O.M.M., Cairo, C.A.A. & Silva,
C.R.M. - 14" Congresso Brasileiro de Engenharia e
Ciéncia dos Materiais, Sdo Pedro-SP, p. 23201
(2000).

. Baldacim, S.A., Silva, O.M.M. & Silva, C.R.M. - 45"
Congresso Brasileiro de Ceramica, Florianépolis-
SC, p. 2201 (2001).

4. Allard. L.F. & Pendlenton, .P. - Proceedings of The 44"
Annual Meeting of The Electron Microscopy
Society of America, Albuquerque, EUA, 1986.

5. Baek, Y.K. & Kim, C.H. - J. Mater. Sci., 24, p. 589
(1999).

6. Buljan, S.T.: Pasto, A.E. & Kim, H.J. - Ceram. Bull.,
68, p. 387 (1989).

I~

LS

188

7. Homeny. J. & Vaughn, W.L. - I. Amer. Ceram. Soc.,
73, p. 394 (1990).

8. Nutt, S.R. - I. Amer. Ceram. Soc., 71, p. 149 (1988).

9. Nutt, S.R. & Philips, D.J. - Symposium of Interfaces in
Metal-Matrix Composites, Annual Meeting of
Metallurgical Society, New Orleans, EUA, 1986.

10. Ruhle, M. & Evans, A.G. - Prog. Mater. Sci., 33,
p. 149 (1989).

11. Schioler, L.J. & Stiglich, J.J. - Am. Ceram. Soc. Bull.,
65, p. 289 (1986).

12. Shinozaki, S. & Kinsman, K.R. - Act. Metall., 26,
p. 769 (1978).

13. Tiegs, T.N.; Becher, P.F. & Harris, L.A. - Ceramics
Microstructures 86. Ed. Plenum press, New York,
1987.

14, Warren, R. — “Ceramic-Matrix Composites”,
Chapman and Hall, New York, (1992).

15. Wei, G.C. & Becher, P.F. - Am. Ceram. Soc. Bull., 64,
p. 298 (1985).

Volume 12, Number 1, December - 2003 - ACTA MICROSCOPICA



	12103-185
	12103-186
	12103-187
	12103-188

