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Abstract

In this work, water soluble sol-gel method was used to prepare alumina-based
fibers. Water soluble alumina sol was synthesized by the reaction of aluminum metal
powder (Al) and crystalline aluminum chloride hydrated (AlCl;.6H,0) solution.
Silica sol was synthesized through hydrolysis of tetracthyl orthosilcate (TEOS) in
ethanol/water solution and with ammonium hydroxide as the catalyst. The two sols
were combined and polyvinyl alcohol (PVA) was added as the spinning aid. The
mixture was concentrated under vacuum to obtain a fluid suitable for dry spinning.
Continuous gel fibers were dry-spun. After pyrolysis, the gel fibers were converted
into Al,03-Si0, ceramic fibers. The fundamental scientific problems involved in the
continuous ceramic fiber preparation were thoroughly investigated in this work.

The factors affecting the chemical compositions and chemical structure of
alumina sol, such as AI/AICI;, AlICI; concentration, reaction time and oxygen content
of Al powder, were studied, and the reaction mechanism has been proposed for the
first time. As Al powder dissolved, the pH of the solution increased slowly. The
aluminum ions were hydrolyzed and condensed to form various kinds of polynuclear
Al species, including randomly packed, ordered and crystallized clusters. The pH
value in the reaction system controls the content of polynuclear Al species such as
[AL(OH),(H,0)3]", [AL(OH)4(H20)10]’", [Ali304(OH)24(H,0)12]”" etc, layered
structure component, noncrystalline colloidal and crystalline precipitate. Spinnable
alumina sol was obtainable by dissolving 5mol metal Al in 1000ml AICl; solution
(1mol.L™") for 6~12 hours.

For the preparation of silica sol by the hydrolysis of TEOS, higher reactant
(TEOS) and catalyst (NH3.H,O) concentration, and temperature will accelerate the
hydrolysis and condition, promoting the growth of silica particles from nanometer
scale to submicron. During aging, sol-to-gel transformation took place easily in
partially-hydrolyzed silica sol. Highly stable nano-size silica sol was obtainable at

[NH;3.H,0]=0.30mol.L", [TEOS]=0.77mol.L"", ethanol/water=4/1(volume ratio) and
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20°C. The as-prepared silica sol was basic (pH~10). It must be adjusted to be acidic
(pH~2) before mixing with alumina sol. Otherwise, alumina will be precipitated out.
The silica sol was readily gelled at pH 3~8 where its zeta potential was near 0. By
adding HCI the zeta potential changed from negative to positive, the precipitation or
gelation can be avoided.

The sol-to-gel transition in alumina sol was reversible. That is to say, the gel can
be redissolved into water to become sol repeatedly. During concentration, the
colloidal particles approach towards each other, resulting in the rapid increase in
viscosity. However, there are no chemical bonds formed between alumina colloidal
particles. The silica sols prepared in basic condition were spherical, and hence they
tended to decrease the spinnability of the alumina sol. To obtain a sol suitable for
continuous spinning, fiber-forming additive PVA was necessary.

During pyrolysis, the gel fiber lost its absorbed free water below 200°C, while the
structural water from Al-OH groups was removed between 200 and 500°C. The
hydroxyl groups on aluminum pentahedron were released above 500°C, which has
important effect on the structure and property of the pyrolyzed fiber. If not controlled
properly, its removal can cause fiber cracking and disintegration.

Without any addictives, alumina gel will crystallize into a-Al,O3 above 1100°C
with vermicular microstructure, large pores are formed between the dendritic a-Al,O3
crystallites. As the consequence, the fiber lost its mechanical property and integrity.
The addition of silica promotes sintering and suppressing the grain growth. The silica
formed a thin film surrounding the alumina particles by viscous flow, retarding the
phase transformation of transition alumina into a-Al,Os. Silica reacts with alumina
above 1200°C. The smaller the particle size, the easier the reaction takes place.
However, when the silica particles are too large, for example, in submicron size, its
effects on alumina phase transformation are markedly reduced. Such large silica
particles tend to crystallize into cristobalite first before reacting with alumina to form
mullite. After the mullitization, pores are left in the places originally occupied by the
silica particles, the resultant ceramic fibers have very low strength and transparency.
In all words, small size of silica colloidal particle was essential to make high
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