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Development of eco-ceramic reinforcements for ceramic matrix composites
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Abstract

In the present study, we developed a new
polycrystalline platelet. The platelet is porous with
gradient distribution. One side of the platelet is a

dense SiO, layer. Other phase in the platelet is
mainly calcium oxide. The amount of pores increases
with the increase of the distance from SiO, layer.
The macro-structure of the calcium oxide is a mutli-
layered structure, many porous are inside it. The
largest diameter of this platelet is 10mm, the
thickness is 2040um. In the present study, fish
scale is used as template.

The macro-structure of fish scale is a layered
one. There is 40% to 80% organic protein, the rest is
ceramic. We applied fish scale as template to prepare
porous layered platelet by using a novel process. The
process mainly composes of two stages, silica
coating and reaction sintering. First stage, the acid
and alkaline solutions were used to apply SiO,
coating onto fish scale with the sol-gel process.
Second stage, the coated fish scale is fired within the
temperature range from 1000°C to 1400°C in a well-
controlled atmosphere. Pores are still existed after
firing, the pores distributes gradiently within the
platelet.

This polycrystalline platelet can be used as the
reinforcement material for other materials.
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In the present study, we are going to use
fish scale as the template to form ceramic
reinforcement. The objective is to mimic the
macrostructure and microstructure of fish scale. The
woodceramics are under development for some time
already. Woodceramics have the advantages of
stiffness, corrosion, friction resistance and
electromagnetic shielding ability. These features of
woodceramics have made wood an attractive template
for making special porous ceramics. These ceramics




can be used as filters, absorbent, catalyst supports,
light ceramics, and electromagnetic shielding material
[1-4]. However, the use of other biological systems
as template attracts much less attention. In the
present study, the scale of Mullet fish (Mugli
cephalus) is used as template, a thin SiO, is first
coated onto the scale by using the sol-gel process [5-
9]. Calcium oxide platelet with porosity gradient is
produced after high temperature treatment.
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The flow diagram for the processing and
analysis techniques used in the present study is
shown in Fig. 1. In short, the morphology and
microstructure of the fish scale are observed carefully.
Then, a thin layer silica is coated onto the surface of
fish scale by using a sol-gel technique. The
microstructures of the un-coated and coated fish scales
after firing in air from 900C to 1400C were then
observed.
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The scales of mullet were used in the present
study. Fig. 2 shows the morphology of the fish scale
we used in the present study. Grooves can be found
on the surface of the scale. Fig. 3 shows the cross-
section of the scale. Fig. 4 shows the cross-section of
the fish scale after firing at 900C in air. The organic
within the scale was removed completely after firing.
However, the replica of the original fish scale is
preserved. From Fig. 3 and Fig. 4, the upper surface
is mainly composing of a ceramic-rich layer (bony
layer). Laminated structure was observed below the
bony layer. There are abound 60% organic in the fish
scale, cracks can thus observed after firing in air.

Fig. 5 shows the morphology of silica
particles prepared by the sol-gel process. The
structure of the silica after sol-gel process is mainly
microcrystallized and/or amorphous.

Fig. 6 shows the top surface of the silica-
coated fish scale. The coated fish scale was fired in air
at 900C. The top surface was fully covered by the
silica. The cross-section of the coated fish scale
shows that the thickness of SiO2 is around 2 pm.
The macro-structure of the scale was maintained after
firing except that many cracks were present.
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Several conclusions can be drawn from the present
study.
1. The organic protein in fish scale is about
65wt%. The organic distribution is not

uniform, the amount of organic increases with
the increase of the distance from the back
surface.

2. After firing in air, the surface layer is dense
and the inner part is porous. The inner grains
are about submicron-sized before heating at
1100°C. The grains coarsen significantly after
heating above 1300°C. There are many pores
near the back surface; though the top surface
is dense.

3. Dense SiO, coating can be applied onto fish
scale by using a sol-gel process.

4. The bonding between the residual ceramic in
the fish scale and SiO, is relatively strong.

5. The carbon in the fish scale is too low to
form silicon carbide.
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Fig. 2, The morphology of the fish scale from
mullet.
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Fig. 3, Cross-section of the fish scale used in
the present study.
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Fig. 4, Cross-section of the fish scale after
firing at 900C in air.
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Fig. 1, Flow diagram to illustrate the
experimental procedures used in the present
study.
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Fig. 5, (a) TEM micrograph of the SiO2
prepared in the present study. (b) The
corresponding diffraction pattern.

Fig. 6, SEM micrograph of the SiO2-coated
fish scale. The coated scale was fired at
1100C in air before observation.

Fig. 7, Cross-section of the SiO2-coated fish

scale after firing at 900C in air.




