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ARTICLE INFO ABSTRACT

The main objective of this research is to design alumina/B-eucryptite composite with a
low coefficient of thermal expansion (CTE) and then test its sinterability using alum
sludge from water treatment plants as an alumina source. A suitable chemical method
is used to extract alumina from alum sludge waste. In addition to extracted alumina,
silica fume waste and lithium carbonate were used to prepare (-eucryptite. In order to
prepare B-eucryptite, the phase formation is first to be adjusted. The prepared samples
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Keywords were fired at 800, 1000, and 1200 °C, respectively.XRD, SEM, physical properties, and
X\faSt? materials, thermal expansion are used to characterize these samples. The results indicate that
umina,

1000°C is the optimum temperature for eucryptite formation. The samples of alumina/B-
eucryptite containing 10, 20, 30, and 40% eucryptite are then prepared, and the
influence of the heat treatment on the prepared composites is studied at temperature
ranges of 1300, 1400, and 1500°C. XRD analysis, microstructure, physical, and
mechanical properties of alumina/B-eucryptite composites are investigated. The
coefficient of thermal expansion (CTE) for various alumina/B-eucryptite samples at
1500°C reduces with increasing B-eucryptite content, reaching 0.8098 x 10 °C1. The
results demonstrate that a composite with good mechanical properties and a low
thermal expansion coefficient can be formed and utilized in a variety of different
applications.

B-eucryptite,
thermal expansion coefficient,
alum sludge waste.

1. Introduction

The primary goal of recycling is to achieve
environmental sustainability by replacing raw material
inputs and redirecting waste outputs such as alum sludge
and silica fume outside of the economic system [2].

Coagulation-flocculation techniques are commonly
used in traditional water treatment plants (WTPs) to
remove suspended particles and colloids from raw water.
Coagulation, flocculation, sedimentation, filtration, and
disinfection are all phases of the WTPs. Aluminum
sulphate (Al2(SOa)3), also known as alum, is the coagulant
in this WTP. This is due to the ease with which alum
hydrolyzes in water to produce neutral alum hydroxide,
from which the colloid settles into precipitated hydroxide.
When the coagulant Al2(SO4)s is used in a water treatment
process, the resulting sludge contains aluminum and is
known as alum sludge [5-8]. Disposing of alum sludge in

Global recycling awareness has increased over the
past ten years, and secondary industrial waste pollutants
are frequently converted to renewable materials. Instead of
disposing of pollutants in traditional ways, various types of
recycling can help preserve materials while also reducing
greenhouse gas emissions as well as the use of raw
materials [1].

A wide range of waste types from various sectors of
industry (for example, metallurgical, mining, and chemical
waste). There is a substantial amount of secondary raw
material that could be applied to a variety of different
products, such as construction or pigment production. They
are frequently used in industrial furnaces as refractory
materials and as heat exchangers in gas turbines.

As a result, a wide range of industrial wastes have been

investigated for this purpose, including metal-rich sludge's
like silica fume, alumina sludge, and fly ash as sources for
silica and alumina for solid state manufacturing of
composite materials, all of which contaminate and harm the
environment [2-4].
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rivers, streams, ponds, lakes, drains, or landfills is not an
environmentally friendly alternative. The sludge has the
potential to endanger human health and disturb river biota.

The major components in all sludge samples are SiOo,
AlOs, and Fe20s [9], which have a high selective
adsorption capacity in water for particular anions [10]. The
solid waste can be recovered and turned into pure
aluminum compounds, which is one of the key goals of the
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study's alum sludge recycling method. The accumulation of
huge amounts of solid waste that can be utilized for a
variety of purposes has become a source of environmental
concern, particularly in the construction industry, ceramics,
and pigment manufacturing [11-13].

Alumina ceramic is a monophasic polycrystalline type
of industrial sapphire that is highly oxidized, hard, and
stable. Alumina has some properties in common with other
polycrystalline ceramic materials, like bending resistance
and moderate tensile strength, as well as brittle fracture
behavior, which is the main disadvantage of alumina.
Alumina is an ionic/covalent solid that, unlike metals and
alloys, does not yield under load. The strong bonds in
alumina are the main source of several of its
characteristics, including low thermal and electrical
conductivity, high melting point that makes casting alumina
almost impossible, and high hardness that set apart this
material and makes machining it difficult and expensive.
Scientists are most concerned with alumina brittleness
while constructing alumina components. Cracking energy is
released in metals by resulting at the crack tip, but
components of alumina can fracture without prior plastic
deformation at high tensile stresses, such as notches,
surface defects, internal faults, or when thermal shocks
occur. Furthermore, because poly-crystalline ceramics
contain a number of faults characterized by high size
scatter and random position inside the solid body, some
statistical analysis correlates stress distribution, failure
probability, and strength in ceramics is required [14-15].

Silica fume is a pi-product of the ferro-silicon alloy and
manufacturing of silicon industries; silica fume is obtained
by reduction of quartz at high temperatures. To eliminate
oxygen, high purity quartz is heated in an electric arc
furnace with coal, coke, or wood chips at a temperature of
2000 °C. After quartz is reduced to alloy, silicon monoxide
vapor is emitted and then collected at the furnace base. In
the upper parts of the furnace, the fume oxidizes and
intensifies, forming microspheres of un-crystalline silica,
which is silicon oxide. It is an ultra fine powder, known as
micro-silica, which contains 75% silicon and 85-95% non-
crystalline silica [16-17].

The goal of this research is the extraction of alumina
from sludge waste, according to R. M. Khattab et al. [18] to
use it with silica fume approach to make an alumina-
eucryptite ceramic composite.

B-eucryptite (LiAISiO4) has gotten a lot of attention from
both industry and academia due to its shrinkage negative
coefficient of thermal expansion and one-dimensional Li-
ion conductivity. The B-eucryptite is a hexagonal quartz
structure, in which half of the Si** ions are replaced by
trivalent aluminum ions. The incorporation of mono valent
lithium ions in the (Si, Al)O4 framework neutralizing the
charge [11]. Its thermal expansion coefficients (CTE) are
highly isotropic (a: 7.26 x 10 deg?; c: -16.35 x 106 deg™)
[19]. As a consequence, the volume thermal expansion of
the ceramics is low [20].

It has been found that solid-phase reactions are used
to synthesize lithium alumino-silicate from chemically pure

materials; B-eucryptite is formed at temperatures of 1200-
1250°C and does not decompose as the temperature is
raised to 1400°C. In addition, lithium carbonate, quartz
sand, and kaolin were used to synthesis materials [21, 22]
with oxide ratios similar to B-eucryptite (LS-4) synthesis.
Ceramic materials with the composition Li2O—MgO-Al>O3—
SiO2 not only have high thermal shock resistance, but also
good mechanical and dielectric properties [23-32].

In the present study, we will show the ability to design
an alumina/B-eucryptite composite from waste materials.
The main objective of this research is to design a
composite with a very low coefficient of thermal expansion
(CTE) and test its sinterability. Composite materials were
prepared using alumina (Al203) extracted from alum sludge
waste using a chemical treatment method to prepare
corundum separately and then included it during B-
eucryptite preparation. Silica fume waste as a source of
silica and lithium carbonate were used beside extracted
alumina to obtain B-eucryptite. The phase composition,
microstructure, mechanical, and physical properties of
alumina/B-eucryptite composites are studied at different
temperatures.

2. Material and Experimental procedures

Alum sludge was collected from the Suez Canal water
station (Suez, Egypt) and investigated by X-ray
fluorescence (XRF). According to Table 1,

Table 1: X-ray fluorescence chemical analysis of alum
sludge (XRF)

COI’]S'\Q;E:ILTGHIS Wt % cong/'ltﬁlunents Wt %
SiO2 36.81 Na20 0.44
TiO2 0.69 K20 0.58
Al203 20.84 P20s 0.68
Fe20s 6.46 SOs 1.30
MgO 1.80 Cl 0.27
CaO 2.90 LOI 26.66

2.1 Extraction of alumina from alum sludge using a
chemical treatment method

The alum sludge is dried at 110°C after filtration using
a suction pump. The amount of final extracted alumina
following fire at various temperatures was measured using
chemical treatment methods based on pH. The chemical
treatment procedure uses NaOH and ammonium acetate
as starting components to optimize the pH for aluminum
hydroxide precipitation. The extraction and characterization
of alumina from alum sludge were carried out according to
R.M. Khattab et al. [18, 33] as follow: mix in 66.6 g alum
sludge, 30 mL sulfuric acid solution (5.647 mol/L), and
distilled water until the solution mixture reaches 100 mL. All
of the content was put in a 500-mL flask with a magnetic
stirrer and a temperature controller and filled with the
mixture. The reactants were heated at 170°C for 1 hour
and agitated with a mechanical agitator at 300 rpm. After
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that, 100 mL of distilled water was added to the flask,
which was then kept at ambient temperature overnight to
remove any soluble compounds from the resulting mixture.
Following filtration of the slurry, a constant rate (3 mL/min)
of sodium hydroxide solution (8.07 mol/L) was gradually
added to the filtrate while stirring until pH 12 was reached.
In order to completely separate Fe(OH)s from soluble Al
compounds, the flask was kept at room temperature
overnight, and the slurry was then filtered. After a thorough
washing with distilled water, the solid components with a
reddish-brown color were dried in an oven at 100°C for 24
hours. The filtrate was then adjusted at 70°C with 2.194
mol/L ammonium acetate at a continuous rate of 3
mL/min., re-precipitate Al(OH)s at pH 8, after extraction of
Fe(OH)s with NaOH. The powders are then calcined at
1400 °C to form the corundum phase. The physical
characterizations of extracted aluminum hydroxide from the
alum sludge show that alpha alumina was obtained at
1400°C after treatment by NaOH followed by ammonium
acetate as a precipitating agent for Al(OH)s. Alpha alumina
with nano sizes of 1-20 nm and average particle sizes
ranging from 50-200 nm was obtained after heat treatment
at 1400°C.

2.2 Preparation of B-eucryptite Li,O.Al,03.2Si0;

Lithium carbonate, silica fume as a silica source, and
alumina from the alum sludge treatment are used to
prepare [B-eucryptite. In a porcelain mortar, silica fume,
lithium carbonate, and alumina powder (after optimizing the
calcination) were mixed. The resultant powder of [-
eucryptite was calcined at 800, 1000, and 1200°C,
depending on the X-ray diffraction.

2.3 Preparation of alumina/B-eucryptite composite

The preparation of alumina/B-eucryptite is carried out
in this section. After optimizing the calcination temperature
of alumina and B-eucryptite (calcinated at 1000°C), four
alumina/B-eucryptite composites containing 10, 20, 30, and
40 Wt.% B-eucryptite were produced and defined as AE1,
AE2, AE3, and AE4, respectively. In a roller mill, the four
prepared composites are mixed before being pressed at
100 MPa and sintered at three various temperatures: 1300,
1400, and 1500°C.

2.4 Characterization

The powders calcined at 800, 1000, and 1200 °C as
well as sintered composites were subjected to X-ray
diffraction analysis using a Bruker D8 apparatus and CuK
radiation at a scanning rate of 1 degree /minute. The
microstructure of the calcined and sintered samples was
studied using a scanning electron microscope (SEM-Philips
XL 30). Moreover, the Archimedes water displacement
method (ASTM C373-88) was used to calculate the
apparent porosity and bulk density. By using a hydraulic
testing device with a maximum loading capacity of 600 KN,
model Seidner, Riedlinger (Germany), the compressive
strength of the fired specimens was assessed. Using

rectangular bars and an automatic Netzsch DIL402 PC
(Germany) dilatometer, the thermal expansion of
composites sintered in the optimum temperature range of
30°C to 1000°C was measured. The heating rate used was
5 K/min.

3. Results and Discussion
3.1 X-ray diffraction of B-eucryptite

X-ray diffractions of B-eucryptite synthesized from
extracted alumina from alum sludge, lithium carbonate and
silica fume are shown in Fig. 1.

It is found that the increase in thermal treatment is
more effective for B-eucryptite formation. Temperatures
near 800°C have been reported for the formation of (-
eucryptite (LIAISIO4) [34-35]. It was noted that modest
amounts of cristobalite were present at 800 and 1000°C
the primary peaks of B-eucryptite (PDF#12-0709). As the
sintering temperatures rise, its intensity peaks grow. As
evidenced by early increases in the intensity of B-eucryptite
crystal primary diffraction peaks with increasing sintering
temperature [36], the percentage content of B-eucryptite
crystal increases with increasing sintering temperature. At
1200°C, B-spodumene phase is presented with B-eucryptite
crystals. This result is due to the phase transformation of
some of beta eucryptite to beta spodumene at high
temperature.

As it is known that B-eucryptite is thermally unstable
after prolong soaking time [37]. At temperatures below
900°C, the crystalline phase of B-eucryptite would form,
whereas at temperatures above 900°C, B-spodumene
would form [38-40]. Depending of the method used to heat
treat LAS glass-ceramic, similar structures can have
different properties. The peak locations of the crystal
phases of B-spodumene [41-51] and B-eucryptite [52] were
close to 26°, which was also generally in agreement with
other researchers' findings. It was discovered that the
second phase of the crystal, virgilite (LiAISi20s), could be
generated at either a lower [48] or higher [53] soaking
temperature before it changed into B-spodumene. Although
the transformation of B-spodumene occurs at higher
temperatures, the creation of the crystal phase also had a
significant impact on how long the mixture was allowed to
soak.

This is supported by additional research using a solid-
state technique [41], where LAS glass-ceramic tests were
carried out by altering the soaking temperature for 24
hours, although the crystalline phase only manifested at
710°C. The LAS glass-ceramic sample, meanwhile, was
fired at 740 °C over the course of 24 hours, with the
crystalline phase only beginning to manifest itself after 4
hours [41]. This suggests that the length of the soak had an
impact on the development of the crystalline phase. To
make 3-spodumene of LAS glass-ceramic, more time must
be spent soaking the material at lower temperatures and
vice versa.
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Fig. 1: XRD of B-eucryptite sintered at different temperature

3.2. SEM analysis of B-eucryptite

Fig. 2 displays the SEM images of sintered ceramics
sintered at various temperatures. At 800°C, it was
discovered that the abundance of glass phases in the -
eucryptite ceramics made it challenging to observe the
dispersion of grains. As the sintering temperature rises, the
porosity number in the ceramic sample of B-eucryptite
drops. Small porosity can be seen in B-eucryptite ceramics
sintered at 1200°C. Additionally, B-eucryptite appeared as
a tridimensional structure made up of light grey particles
that melded together. B-eucryptite is evenly disseminated
in the matrix, with average particle sizes ranging from 10 to
5 um as seen at 800 and 1000°C. Upon increasing the
temperature at 1200, cubic plated shape of spodumene
appeared beside B—eucryptite. It is randomly dispersed
between B—eucryptite particles. In addition, the microcracks
are shown at this sintered temperature. This is due to the
B-eucryptite crystal structure's high anisotropy, which
causes the c axis to contract while the a and b axes
expand. Internal stresses are generated as a result of
spontaneous grain breakup and microcrack formation [53].

3.3 Physical properties of sintered S-eucryptite samples

The bulk density and apparent porosity of fired
samples at various temperatures, 800, 1000 and 1200°C
are shown in Fig.3. It was observed that the apparent
porosity decreases and bulk density increases with
increasing the sintering temperature up to 1000°C. Then
the decrease in the bulk densities was observed at 1200°C.
The increase in densification parameters is due to a
decrease in the viscous flow mechanism, which allows for
proper sintering and hence complete densification. The
density is lower at 1200°C due to the formation of

microcracks and spodumene, which have a density of
about 2.4 g/cm3 [37] compared to B-eucryptite (2.65 g/cm3)
[54].

In addition, another estimation for decreasing the
density at 1200°C is related to Low et al. [55, 56] and
Kobayashi et al. [57], who found that, additions of 20-90
Wt% spodumene resulted in decreased density due to the
formation of 5-10 mm pores induced by the excess liquid
phase and the less dense spodumene phase. The low
porosity obtained at 1200°C is due to the spodumene liquid
phase serving to decrease apparent porosity [55]. In
general, during the sintering at high temperatures, the
surface energy of individual particles contacts one another,
forming necking between them, forming grains and
reducing the empty spaces of pores. The continuous
growth of grains causes grain boundary formation, which
densifies and eliminates the pores [37, 54].

3.4. Thermal expansion measurement of 3-eucryptite

Figure 4 depicts the relative length changes of [-
eucryptite ceramics from room temperature to 1000°C for
samples sintered at various temperatures (800, 1000, and
1200 °C).It can be seen that the entire curve takes the U-
Shapes. For the sample sintered at 800°C. Two stages of
shrinkage are seen on the linear expansion curve, one
from 0 to 400 °C and another from 580 °C to 800 °C. The
change of beta eucryptite thermal expansion on its crystal
structure is directly related to the change of structure with
temperature [53, 58-60]. Figure 4 depicts schematic
diagrams of the B-eucryptite structure plan and profile. The
B-eucryptite structure includes tetrahedron and octahedron
structures. Li atoms are capable of occupying sites
surrounded by tetrahedral or octahedral structures.
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Fig. 2: SEM images of B-eucryptite sintered at different temperatures
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Fig. 3: The apparent porosity and bulk density of B-eucryptite ceramics sintered at 800, 1000 and 1200°C.
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Fig. 4. Thermal expansion of B-eucryptite sintered at
different temperatures: a) 800, b) 1000, and C) 1200
°C.

Depending on the temperature, these structures may
be occupied. At room temperature, the Li atoms are
occupied in a tetrahedron structure. The possibility of Li
atoms occupying an octahedral structure increases as
temperature rises. At higher temperatures, Li atoms occupy
some octahedral structures of B-eucryptite. When a Li atom
occupies an octahedral structure, the (Si, Al)O2 framework
surrounding this site is influenced. The framework close to
the Li atoms expands and contracts in a plane parallel to
the a and c axes, respectively. With increasing
temperature, the number of occupied octahedral structures
increases, followed by an increase in the a axis and a
decrease in the c¢ axis. In addition, the sudden positive
thermal expansion from 420°C to 580°C is due to a glass
phase with positive volume expansion. The beta-eucryptite
ceramics fired at 1000°C exhibit a continuous decrease in
thermal expansion due to the decrease of the glass phase.
When compared to other samples, ceramic samples
sintered at 1200°C exhibit an increase in thermal
expansion property over a whole measuring temperature
range. This is due to the formation of spodumene. It is
widely known that the thermal expansion coefficient ranges
from -8.6x10% °C-1 for beta-eucryptite to 0.9x10% °C-1 for
beta-spodumene [61].

3.5. Phase composition of alumina /B-eucryptite samples

The phase compositions of sintered samples
containing different amount of B-eucryptite from 10 to 40
Wt.% on the expense of alumina are shown in Figs. 5, 6,
and 7. It can be seen that there was no reaction between
the LAS phase and alumina, preventing the formation of
third phases like mullite. In addition, the contents of B-
eucryptite increase and alumina decrease by increasing
the eucryptite contents. In addition, it is observed that for
the samples containing high percentage of eucryptite of
about 30 and 40 Wt.%, small traces of spodumene are
observed. The most noticeable peaks were found at ~26°,
which were represented by the crystalline phases [3-
spodumene (LIALSi2Os; ICDD: 00-035-0797) [62] or B-
eucryptite (LiAISIO4; ICDD: 00-017-0533) [63]. For 30 and
40 Wt.% of the B-eucryptite contents, both crystalline
phases appeared in the same position.

All samples exhibit a similar pattern of peak positions
at position 20, 22.7, 28, 39, 47, 49 and 56° regardless of
the intensities that is refers to eucryptite or spodumene
beside the main peak of 26° of eucryptite or spodumene.
However, the 22.7° is indicated to the formation of [3-
spodumene beside the main peak of spodumene 26.
However, the peak at 22.7° is indicated to the presence of
B spodumene beside - eucryptite. The calcined alumina
pattern exhibits great crystallinity and narrow, well-defined
diffraction, which can be attributed to the hkl reflections
associated with the JCPDS file 1-089-7717 of a-Al2O3
(corundum) [64].
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Fig. 5: XRD of the alumina/B-eucryptite composites sintered at 1300°C
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Fig. 6: XRD of the alumina/B-eucryptite composites sintered at 1400°C
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Fig.7: XRD of the alumina/B-eucryptite composites sintered at 1500°C.

3.6. SEM of alumina /B-eucryptite samples

The SEM photographs of the microstructure of the
alumina- alumina/B-eucryptite composite at selected
temperatures 1500°C are demonstrate in Fig. 8. The
distribution of B-eucryptite particles within the alumina
matrix can be observed. No cracks can be seen in SEM
microstructure up to 30 Wt.% of B-eucryptite. The
microstructures revealed by SEM images show porosity in
the majority of the samples. Residual porosity is also seen,
in agreement with the bulk density values obtained. The
studied microstructures reveal that B-eucryptite is in
rounded and tridimensional shapes with grain size in
between 1 and 4 ym. The alumina appeared in hexagonal
form, with a size range of 5-10um. The sub-micrometric
LAS particles are embedded between alumina microns
and are distributed uniformly as intra- and inter-granular
particles, indicating B-eucryptite crystal growth during
sintering. It was found that the increase in eucryptite
content caused an increase in densification parameters
due to the decrease in the viscous flow mechanism,
allowing sintering to occur properly and be completely
densified.

3.7 Physical properties

Figures 9, 10 illustrate the bulk density and apparent
porosity of beta-eucryptite/alumina composites fired at
1300, 1400, and 1500°C with varying B-eucryptite
concentration. It was observed the increase in eucryptite
contents enhance the density and decrease the porosity
up to 30 Wt.% of eucryptite. This is because in samples of
alumina/B-eucryptite, the grain boundary mobility in the Si-
rich zone is greater than in the Al-rich zone. Similar to this,

sintering and grain boundary mobility may be facilitated by
lithium-doped magnesium aluminate spinel [65-66].

According to the findings, increasing the [B-eucryptite
content to 30% wt and raising the sintering temperature
increases bulk density while decreasing apparent porosity.
This is because the solid-state reactions between the
particles become stronger as the sintering temperature
increases. At higher temperatures, densification was made
easier thanks to the LAS materials' ability to form a liquid
phase. Up to 1500°C, viscous flow, grain rearrangement,
and glass redistribution are believed to be the main causes
[65-66].

Figures 9 and 10 also demonstrate that the bodies'
apparent porosity decreases with increasing sintering
temperature and [B-eucryptite concentrations to 30% at
1500°C. Bulk density is reported to decrease and apparent
porosities increase for samples containing 40% by weight.
This result is the result of the occurrence of microcracks
and a trace amount of spodumene [53].

3.8. Mechanical strength

Figure 11 depicts the mechanical strength of
alumina/B-eucryptite composites sintered at various
temperatures.

It was observed that that enhancement of strength with
increasing the sintered temperature up to 1400°C. This is
related to the porosity. As the decrease of apparent
porosity enhance the mechanical behavior and deflect the
crack propagation. Up increasing the sintered temperature
up to 1500°C, the enhancement of the strength is
observed up to 30 Wt.% eucryptite and reaches to
maximum values of about 138 MPa. The strength values
then start to decline. This might be because the
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enlargement of (3-eucryptite grain sizes (grain growth) and that crack formation has a detrimental effect on the
crack formations resulted in a decrease in density values mechanical characteristics of burned ceramics [53].
and an increase in porosity values. It's important to note
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Fig. 8: The SEM photographs of alumina/B-eucryptite composite sintered at 1500°C
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Fig. 9: The bulk density of alumina/B-eucryptite composites sintered at 1300, 1400 and 1500°C
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Fig. 10: The apparent porosity of alumina/p-eucryptite composites sintered at 1300, 1400 and 1500°C.
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Fig. 11: Mechanical strength of alumina/B-eucryptite composites at different sintered temperatures.

3.9 Thermal expansion coefficient

Table 2 shows the coefficient of thermal expansion for
various alumina/p-eucryptite samples at 1500°C sintering
temperature. Because alumina and the LAS do not react, it
is possible to predict the final phase composition and thus
design many attributes into the material, including its CTE.
The CTE value is determined by the composite's initial
composition, body phases, and microstructure. The CTE of
alumina/B-eucryptite composites reduces as the -
eucryptite content increases, as shown in Table 1, which is
a feature of B-eucryptite behavior [67-70]. As is common
knowledge, [-eucryptite has a thermal expansion
coefficient of -6.2x 106 °C-l, whereas alumina has a
thermal expansion coefficient of 10.3x 10 °C1 [71, 72].
The present of few amounts of spodumene does not effect
on the trend of thermal expansion especially for sample
contain 40 Wt.% of [-eucryptite, although thermal
expansion of spodumene is about 0.9x106 C-1[73].

Table 2: Coefficient of thermal expansion for
alumina/eucryptite composite at temperature 1500°C.

Composites | Al : Eu | Value of CTE x 10°C™
AE1 90 : 10 4.8658
AE2 80 : 20 3.2775
AE3 70 : 30 2.3456
AE4 60 : 40 0.8098

Conclusion

This work succeeded in the extraction of alumina from
sludge waste to use it with a silica fume approach to make
an alumina-eucryptite ceramic composite. In this work, the
sinterability of an alumina/B-eucryptite composite is carried
out at various temperatures: 1300, 1400, and 1500°C. The
study's findings are as follows:

1. In composites containing a high percentage of
eucryptite (between 30 and 40% by weight), small
traces of spodumene are found. At 26° the most
prominent peaks were found, which were represented
by crystaline phases of beta-eucryptite or beta-
spodumene.

2. At 1500°C, the microstructure of the alumina/f3-
eucryptite composite revealed no cracks in up to 30%
of the B-eucryptite samples.

3. With increasing B-eucryptite content up to 30% Wt.% at
1500°C, increasing the sintering temperature causes
an increase in bulk density and a decrease in apparent
porosity.

4. For samples containing 40% by weight, bulk density is
reported to decrease while apparent porosities
increase. This is due to the presence of microcracks
and a trace amount of spodumene.

5. By increasing the sintered temperature up to 1500°C,
the strength enhancement is observed up to 30 Wt.%
eucryptite and reaches maximum values of about 138
MPa.

6. CTE of alumina/B-eucryptite composites decreases

with increasing -eucryptite content, reaching 0.8098 x
106 °C-1,
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