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Abstract

Sugarcane bagasse ash (SCBA) which is an industrial waste was partially substituted at the expense of
feldspar (F) to produce ceramic porcelain insulators. Raw materials were characterized for their
chemical composition and thermal behavior. Porcelain insulator batches containing various proportions
of SCBA (0-35 wt.) were fired at different firing temperatures of 1050, 1100, 1150, 1200, 1250 and
1300 °C for two hours soaking. The fired units were conducted for water absorption, apparent porosity,
bulk density, bending strength, crushing strength, dry and firing shrinkages. Results showed that SCBA
had a lower 68.19% SiO2 content (68.19%) than feldspar (74.22%), but feldspar had a lower alkali
content (7.24%) than SCBA (7.82 wt%). Water absorption was decreased with increasing both SCBA
content and firing temperatures. Water absorption values are too small, and this was confirmed by the
results of apparent porosity. This in turn was reflected positively on the bulk density and mechaanical
properties. Dry shrinkage was unchanged, wlile firing shrinkage was slightly increased with both
SCBA and firing temperatures. Furthermore, the partial replacement of F by SCBA up to 35 w%
achieved the better results comparing with those of the control batch. The optimum firing temperature
and SCBA content are 300 °C and 35%, respectively.

Keywords: Insulators, feldspar, sugarcane bagasse ash, firing temperature, water absorption, density,
strength, shrinkage

1. Introduction

Porcelain insulators have been widely used due to its safe electricity transmission though the
emergence of new insulators as plastics and composites ™. Electrical insulators are one of
the electric power transmission systems, in which the quality limits the efficiency of
electricity transmission and distribution > 3. The cost of these insulators is too low, and it
can resist both high temperatures, and severe environment, and moreover they have too long
lifetime but not sensitive to firing temperatures > 46l Electrical porcelain insulators are
ceramic materials manufactured by heating pressed homogenized powders of raw materials
primarily clay, feldspar, and quartz in a kiln up to 1200 and 1400 °C [ 8, Clay is a source of
alumina, which, together with quartz and fluxing element, can form mullite and glassy phase
during the firing, and also it provides the plasticity. Mullite (3Al.03, 2Si0,) is the main
product phase formed on firing kaolinite clay at high firing temperatures 750-850 °C).
Moreover, it has a low thermal expansion coefficient and dielectrical loss . Formation of
these phases improves and enhances the mechanical and dielectric strength of the porcelain
insulators (10111,

Feldspar acts as the flux agent where it is a source of alkaline oxides such as Na,O and KO
to produce a low-viscosity melt during firing at high firing temperatures contributing to a
decrease in the firing temperature M2, Depending on the chemical composition, feldspars
start melting above 1000 °C to form a liquid phase and fill the pores of the ceramic
composition by a capillary effect. This is promoting the verification and densification of the
porcelain product at the end of the firing process I 131, Feldspar often showed lower fluxing
oxides which always requires a high sintering temperature to form a vitreous phase that can
block the open pores present in the ceramic body. This contributes to the formation of the
required amount of mullite phase 4 *®1. Quartz maintains a porcelain structure and regulates
the ratio of SiO, to Al,O; for the formation of mullite. So, it is resistant to melt at lower
firing temperatures (<1300 °C) UL, The grain size particle of quartz plays a vital role in the
sintering temperature and strength development of porcelain producuts 16171,
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Quartz with grain size < 45 pum always improves and
enhances mechanical and dielectric strength properties by
increasing its dissolution, minimize thermal expansion
stresses, and smooth out the volume changes of a to B
quartz transition [ 12 16 18201 Consequently, the
microstructure, electrical and mechanical properties of
porcelain insulators are mainly depending on its chemical
and mineralogical composition paralel with the conditions
of preparation, mixing, and sintering [12 14.17.21,22],

In ceramic industry, both energy and cost of raw materials
are very essential for the sustainable development of
porcelain electrical insulators must be reduced. This may be
achieved by using fast firing cycles with available locak raw
materials and fluxing agents as feldspar 2 24, The high-
grade feldspar minerals have recently a high cost compared
with those of clay and quartz %1, The ceramic industries in
Ethiopia produce porcelain insulators from imported clay
materials, and the locally mined feldspars that display
Feldspars having a very low fluxing ability are not suitable
for the production of ceramic insulators 3, So, it is
necessary to explore alternative locally available ceramic
raw and/or waste materials of high fluxing ability which
could be used as a substituent for feldspar in the porcelain
bodies. Previous studies have identified numerous silicate-
based wastes such as soda-lime glasses 1, blast furnace
slag [?5 27 281 metallurgical slags %, rice straw ash and/or
rice husk ash B%, silica fume B, and fly ash 2, cement kiln
dust waste [¥% 34 as potential partial replacement of feldspar
and showing promise for improving the insulator physical
and/or microstructural properties and lowering the firing
temperatures, leading to cost minimization.

Recently, sugarcane bagasse ash (SCBA) has been utilized
in building and construction materials at a certain level to
improve both physical and mechanical properties. This
reduces the CO, emission in the atmosphere 35371, In Egypt,
the accumulation of large quantities of SCB in the
environment polluted it due to the rapid growth of sugar
industries. SCBA produced during the use of SCB as fuel in
boilers for energy co-generation, where one ton of SCB may
generate 25 kg of SCBA [8 39 |t is mainly composed of
SiO; and traces of Al;Os, Fe;0s, CaO, and K;O which
acting as fluxing agents. The overall chemical composition
is much similar to the common natural aluminosilicate raw
materials that are used in the manufacture of ceramics (4042,
Currently, the SCBA is usually dumped on open air leading
to detrimental environmental effects. The potential of SCBA
as a substitute for quartz in the preparation of red ceramics
were discussed [ 38 4441 Furthermore, the higher amount of
K20 in SCBA has been proved that it could be used as a
potential supplement to natural feldspar to enhance its alkali
oxides content for porcelain insulator production at lower
firing temperatures. Hence, incorporation of SCBA in the
ceramic product can have several advantages including
saving natural raw materials, lowering the energy
consumption during subsequent processing, and mitigating
environmental pollution 40461,

Therefore, this study investigates the effect of partial
substitution of feldspar by SCBA to produce high quality
porcelain insulators. The physical properties in terms of
water absorption, apparent porosity and bulk density as well
as mechanical properties in tems of bending and crushing
strengths were investigated. Also, the dey and firing
shrinkage was evaluated.

https://www.mechanicaljournals.com/materials-science

2. Materials and Methods

2.1. Raw materials

An experimental design was formulated to investigate the
influence of SCBA content on both physical and mechanical
properties of the prepared porcelain insulator products that
were fired at various firing temperatures. The raw materials
used in the current study are clay, sand and feldspar. The
clay sample was taken from Toshka region (TC). Toshka
region is located on latitude 20° 30~ N and longitude 31° 53
E at 250 km south of Aswan which was contributed to the
Upper Cretaceous age (Fig. 1).

Fig 1: Toshka region from which the clay sample was taken

The selected clay deposit is belonging to El-Dakhla Shale
Formation. About 15 kg clay was collected from the 85™ km
north of Aswan/Abu-Semple asphaltic road. It is dark
yellowish grey. The TC sample was first well dried in an
open air for two days and in a suitable furnace at 110 °C for
another two days. It then crushed, ground and quartered to
have a representative sample which was fine ground to pass
a 200 mesh sieve. Feldspar (F), quartz sand (QS) from El-
Hekma firm and a broken fired ceramic waste with the
commercial name Grog (G) were obtained from the Arab
Ceramic Company which is commercially known as
Aracemco, Egypt. The used feldspar is essentially a mixture
of two feldspars namely, orthoclase-potash feldspar,
KAISi;Os or K;0. Al,O3. 6SiO; and albite-soda feldspar,
NaAlSisOs or Na;O. Al;Os. 6SiO,, with small amounts of
mica and quartz. The feldspar is often extracted by normal
quarrying or mining with visual control over the extracted
material at the quarry face 71, The sugarcane bagasse (SCB)
sample was provided by a local sugarcane juice shop, Egypt.
The SCB was first processed and washed with running
water, and also with distilled water. Then, it let too dry
under sun and open air for three days. The dried SCB was
subjected for firing at 850 °C for two hours soaking to
produce what is known as sugarcane baggasse ash (SCBA).
Then, the resulting SCBA was screened to pass through 300
um standard sieve. The chemical analysis using the X-ray
fluorescence technique (XRF) and the particle size
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distribution of the starting raw materials are shown in
Tables 1 and 2, respectively. The loss of ignition (LOI) was
determined from the mass difference of samples heated at
105 °C and 1000 °C for 2 hours. The suggested ceramic
batch composition from the above mentioned raw materials
is given in Table 3. The base batch composition was well
mixed in an agate ball mill for one hour using the wet
method, let to dry and thoroughly crushed and ground well
again to pass through 200 mesh sieve to be the stock base
ceramic porcelain batch.

Table 1: Chemical analysis of raw materials, wt.%

Materials Oxides TC QS F SCBA

SiO: 5251 | 97.43 | 74.72 | 68.19

Al2Os3 3047 | 0.71 | 1473 | 13.18
Fe203 2.32 0.07 1.75 4.19
CaO 0.75 0.41 0.73 1.26
MgO 1.36 0.07 1.36
MnO 0.08 0.02 0.04 0.14
Na20 1.17 0.11 3.21 3.03
K20 1.13 0.16 4.03 4.79
F20s 0.42 0.03 0.81
TiO: 1.07 0.13 0.06 0.27
LOI 8.72 0.86 0.73 2.78
Total 100 100 100 100

Table 2: Particle size analysis of the used raw materials, pum.

Materials Particle size distribution, pm
Size >63 | 63-16 | 16-8 | 8-2 <2 Total
TC 119 | 124 | 241 | 515 | 90.01 100
SS 011 | 0.12 | 0.63 | 2.81 | 96.33 100
F 0.15 | 1.03 | 1.07 | 1.24 | 96.51 100
SCBA 011 | 1.01 | 041 | 115 97.32 100

Table 3: Batch composition of the different ceramic insulators, wt.
%.

Materials Oxides TC SS F SCBA
BO 50 15 35 0
Bl 50 15 30 5
B2 50 15 25 10
B3 50 15 20 15
B4 50 15 15 20
B5 50 15 10 25
B6 50 15 5 30
B7 50 15 0 35

Figure 2 demonstrates the DTA-TGA thermograms of TC
sample. The endothermic peak at the temperature range of
700-900 °C is due to the calcination of limestome. The two
endothermic peaks at the temperature range 100-120 and
500-600 °C are due to the evaporation of the absorbed and
structural or hygroscopic water, respectively. The
endothermic peak at the temperature range 500-600 °C is
due to the conversion of kaolinite (AS;H;) to metakaolin
(A2S2), which in turn is converted to mullite phase (A2S,) at
980 °C 181 as follows:-

AS;H; — AS; — AzSy ()
Samples of TC, F, Q, and SCBA were ball milled using a

suitable laboratory ball mill. The milled raw materials were
then sieved till pass from 200 mesh sieve (63 pm) [4%-50],

https://www.mechanicaljournals.com/materials-science

10 2
10
5
-40 =
b= 6 <
= {8 =
= e “10
-140 12
{-14
_190 i : " 2 L 2 _16
0 20 40 60 80 100 120
Temperature, °C

Fig 2: The DTA and TGA thermograms of TC sample.

2.2. Preparation

The base batch has the symbol BO. Then, the SCBA was
partially substituted at the expense of feldspar. There are six
powdered ceramic batches were prepared incorporated
SCBA as 100:0, 98:2, 96:4, 94:6, 92:8 and 90:10 mass% at
the expense of feldspar with symbols BO, B1, B2, B3, B4
and B5, respectively. The batches were mixed well in a gate
ball mill for one hour using the wet method, dried at 105 °C
for three days, and then ground to pass a 200 mesh sieve to
obtain the same homogeneity of all batches. Five disc-
shaped samples of 1 cm diameter and 1 cm thickness were
prepared for the physical properties in terms of water
absorption (WA), bulk density (BD) and apparent porosity
(AP). Also, five rod or rectangular shaped samples of 2.5 x
2.5 x 7 cm® were prepared for dry and firing shrinkage as
well as for bending or fluxural strength. Afterthat, five cube
samples of 2.5 x 2.5 x 2.5 cm® for crushing strength were
moulded. Molding of specimens were carried out using a
suitable hydraulic presser under a shaping pressure of 20
KN/mm? with the help of water as a binder. After
demoulding, the samples were let too dry in air at 23+2 °C
for 48 hours, and then let too dry at 105 °C in a suitable
oven till a constant weight to ensure the complete
elimination of free and crystallized water and also to avoid
the cracks during firing. The firing process was carried out
using a slow rate furnace Mod. Vecstar with a heating rate 5
°C/min. The firing temperatures were 1100, 1150, 1200,
1250 and 1300 °C with one hour soaking B, The fired
specimens were left to cool slowly inside the furnace over
night to room temperature. The optimum firing temperature
of each ceramic batch was estimated.

2.3. Methods

2.3.1. Physical or Densification Parameters

The ceramic or densification parameters 2 53 in terms of
water absorption (WA), bulk density (BD) and apparent
porosity (AP) could be determined from the following
equations:

W. A, % = (W1-W2) / (W3) x 100 1)
B. D, g/cm? = (W3) / (W1-W2) o)
A. P,% = (W1-W3) / (W1-W2) x 100 ®3)
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2.3.2. Mechanical properties

The mechanical properties in terms of bending or flexural
strength (FS) and crushing strength (CS) I %2 of the green
and fired units 4%, The bending strength could be carried
out using the three point adjustments system (Fig. 3) and is
calculated from the following equations:

B

Fig 3: Schematic diagram of bending strength, B: Beam or loading
of rupture, S: Span, W: Width and T: Thickness.

BS, kg/cm?=3 BS kg/cm?/2W.T Kg/cm?/ 10.2 MPa (1)

Where, BS is the bending strength, kg/cm?, B is the bending
load of rupture, kg, S is the Span (the distance between the
two lower beams, 5 cm), W is the width of the sample, cm
and T is the thickness of the sample, cm. The crushing
strength of samples at the various firing temperatures could
be determined using the following relation:

CS=(D)(Ly*(w)=kgcm2/10.2 MPa (5)

Where

CS: crushing strength kgcm?,

D: load kg,

L and W are the length and width of the samples,
respectively.

The XRF analysis is equipped by a modern wavelength
dispersive Spectrometer (WD-XRF, 2005, Netherlands).
The particle size distribution of the starting raw materials
was carried out using the sieve analyzing method. The
DTA-TGA thermograms of T-Clay sample which was
carried out using NETZSCH Geratebae GmbH Selb, Bestell
No. 348472c at a heating rate 10 °C/min. up to 1000 °C.
The XRF analysis was carried out in the National Research
Centre while the particle size distribution was achieved in
the Metals Institute, EI-Tabine, Cairo, Egypt. The loss on
ignition of the used raw materials (LOI) was measured due
to the mass difference of samples fired up to 1000 °C for
two hours 71, Thermal analysis of TC was carried out by
differential thermogravimetric analysis (TGA) coupled with
Differential Thermal Analysis (DTA) [5¢1,

3. Results and Discussions

3.1. Chemical compositions analysis of raw materials
The chemical composition and LOI of raw materials are
shown in Table 1. TC is comprised mainly of SiO, (52.51%)
and Al;,O3 (30.47%) with a low percentage of other oxides
as CaO (0.75%), MgO (1.36%), MnO (0.08), TiO, (1.07%)
and P,Os (0.42%) and also fluxing oxides as Na,O (1.17%)
and K20 (1.13%). The ratio of SiO, to Al,O3 was 1.72. This
value closes to a pure kaolinitic clay and slight deviations
indicating the presence of unweathered quartz M %81, Hense,
the used clay was kaolinitic clay that was confirmed by the

https://www.mechanicaljournals.com/materials-science

ratio of SiO,/Al,O; and fulfilled the required purity for
sufficient mullite phase during the sintering of the prepared
porcelain products - %I, The small amount of Fe,Os;
(2.32%) in TC which is within the standard requirement for
porcelain insulator production, is expected to enhance the
action of the alkali fluxes to melt at lower temperatures [&
21, 41,601 The amount of alkaline oxides (K,O and NayO) is
(2.30%), which was comparable with commonly used china
clay, but higher than that of ball clay %, Even though their
amount is low, it is expected to decrease the sintering
temperatures. The LOI of TC (8.72%) is comparable to
kaolinitic clays, and is mainly containing clay minerals,
hydroxides, and organic matter (3861,

The feldspar is containing SiO, (74.72%) and AlO3
(14.73%) as principal oxides. This implies that the feldspar
was suitable for the production of porcelain bodies (66.3-
79.5%) [621, However, the percentage of fluxing oxides, K,O
and NayO (7.23%) are little lower than that required for the
production of porcelain insulator (>12%) [%. This
demonstrated that feldspar must be used with a higher
amount and at higher firing temperature to achieve the
optimum glassy phase in a porcelain body 4.

The Fe,O3 in feldspar is 1.75% which is much higher than
the maximum allowable limit (.03). This lower amount
would contribute to wanted variations of the color towards
grey rather than white and cause bloating due to the escape
of entrapped gases during sintering 2%, Sol, the chemical
composition of F is in a good agreement with those reported
in some studies % 23 and fulfill the chemical purity
requirement of feldspars for porcelain insulator fabrication
(231, The chemical analysis also showed that QS confirmed
the presence of a higher amount of SiO, (97.43%) as it is the
major component of sand fractions %3, The QS fulfilled the
required specification for quartz (97.0-99.1%) to be suitable
for the production of porcelain product 2, However, the
QS may be utilized for the fabrication of porcelain
insulators by using an optimized amount and reduction of
the grain size to the requisite level, since the grain size of
quartz primarily determines its dissolution rate and
subsequent use as a filler in porcelain compositions and to
increase the strength in a porcelain body (64,

The major oxides in SCBA was SiO; (68.19%), Al,Os
(13.18%) and Fe,03; (4.19%), while the other oxides K,O
(4.79%), Na2O (3.03%), CaO (1.26%), and MgO (1.36%)
were also present in relatively significant proportions and
comparable to that in F. So, the overall chemical
composition of SCBA was in a good agreement that it could
potentially be used as an alternative to partially substitute F.
Furthermore, it is expected that the higher content of the
alkaline oxides (KO and Na)O) in SCBA (7.82%)
compared to that in F (7.23%) may contribute to decrease
the sintering temperatures. This in turn decreased the energy
cost of fabrication 2. The higher LOI (2.78%) in SCBA
compared to the in F (0.73%) indicated the presence of
unburnt carbon 1, Based on the analysis of chemical
composition, partial replacement of F by SCBA appears
feasible even if the level of Fe;O3; needs some pretreatment
for its reduction. From the previous discussion it could be
concluded and confirmed that SCBA was more or less
similar in mineralogical composition to that of F.

3.2. Physical properties
It is well known that water absorption is considered to be an
important evidence for the quality and durability of ceramic
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products, which accurately defines the class to which the
final product belongs 18 2%, Figures 4-6 show the data of
water absorption, apparent porosity and bulk density of the
various fired ceramic insulators as a function of insulator
batches (B0-B70. Generally, as the firing temperature
increases, the densification parameters of the fired units in
terms of water absorption, apparent porosity and bulk
density evidently improved, where both water apportion and
apparent porosity decreased, while bulk density increased.
This in turn reflected positively on the mechanical
properties 2 913271 On the other side, as the SCBA content
increased up to 35 wt. % at the expense of F, the water
absorption and apparent porosity gradually also decreased
more, whilst the bulk density increased. The same trend was
displayed with all firing temperatures and SCBA content up
to 35% SCBA. This is mainly due to the formation of new
phases resulting from the thermal reactions during firing
either through decomposition and/or recombination changes
119, 331 j.e. during firing, the main crystalline phases in the
green bodies were completely replaced by the formation of
new amorphous and crystalline phases. Additionally, the
melting action of feldspar which controls the thermal

https://www.mechanicaljournals.com/materials-science

reactions and phases conversion of the insulator components
in the liquid phases [ ¥ 72, Furthermore, the presence of
high amounts of fluxing oxides in clay and SCBA increased
the rate of thermal reactions and liquid phase formation,
which in turn flows directly and settled inside the pore
structure of the fired products. On solidification, a product
of more compact and glassy appearance was formed [ 9 271,
The water absorption as well as apparent porosity decreased
as the SCBA content and firing temperature increased. This
often continued up till 35 wt. % SCBA [* 33,721, This means
that the addition of high amounts of SCBA into the insulator
ceramic bodies is desirable due to its positive action on the
physical properties of the formed insulator ceramic
products. The insulator product containing 35% SCBA
achieved the lowest values of water absorption and apparent
porosity, and also the highest value of bulk density,
respectively nearly at all firing temperatures compared with
the other values of the other different insulator batches.
Consequently, the insulator batch incorporating SCBA
completely without F could be selected to be the optimum
batch for insulator, i.e. the F could be replaced completely
by SCBA without any adverse effect.
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3.3. Mechanical properties

3.3.1. Green bending strength

The bending strength of the green (Dried or unfired)
samples was plotted as a function of SCBA content in Fig.
7. The results revealed that the green bending strength of the
control (B0) was slightly improved and increased with the
gradual substitution of the very fine SCBA waste at the
expense of feldspar. The green bending strength of the base
batch (BO) recorded 1.52 MPa, while that of the batch
containing 35% SCBA waste (B7) was 2.86 MPa. This
represents a higher improving rate. This is mainly attributed
to that the SCBA waste contains high percentage of fluxing
oxides than F that iimproved both workability and green
bending strength of the bodies containing it 8 7,

|
-3
o

Lo
S
o

Green bending strength, MPa
[ (5]
= b
o J

1.85

L.65

1.45
BO B1 B2 B3 B4 B3 B6 B7
Insulator batches

Fig 7: Green bending strength of the various unfired ceramin
insulator batches

3.3.2. Fired bending strength

The bending strength of the fired ceramic insulator units
was plotted as a function of firing temperature in Fig. 8.
Results illustrated that the bending strength of the fired
bodies increased as both the SCBA waste content increased
up to 35 wt. % and also as firing temperature increased up to
1300 °C. The fired ceramic bodies containing 35 wt.%

~61~

SCBA waste (B7) at the maturing temperature of 1300 °C
achieved bending strength value of 36.13 MPa compared
with that of the base batch (BO0) fired up to 1300°C which
recorded only 33.86 MPa, i.e. the improvements in bending
strength value are equal to 6.7%. The mechanical properties
of the fired ceramic units are dependent on the porosity,
crystallininity and grain size of the newly formed phases.
Hence, the grain size of the starting raw materials must be
very fine to give considerable low particle boundaries which
in turn resulted on low porosity [7 % 203371 This would be
enhanced with the formation of glass phases & 72,
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Fig 8: Bending strength of the various fired ceramin insulator
batches at different firing temperatures

Moreover, the rate of either densification or strength of the
fired ceramic units could be increased by the addition of
SCBA waste to reduce the total porosity of the formed
glassy matrix during firing which solidifies on cooling. This
in turn could cement all the un melted and/or unreacted
particles and crystals together to give good mechanical
properties for the resulted units [ & 33 The influence of
alkalies and earth alkalies in SCBA waste can alter the
relative amounts of the formed liquid phases and lower the
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viscosity of the liquid. The used intimate mixing improves

the latter process and reduces the maturing temperatures ©
20,72]

3.3.2. Cursing strength

Crushing strength of the ceramic insulators batches
containing various ratios of SCBA at the expense of F fired
at different firing temperatures is plotted as a function of
SCBA content in Fig. 9. Generally, crushing strength of the
prepared fired ceramic insulators continuously increased
with SCBA content up to 35 wt.%. This is due to that the
presence of SCBA in the ceramic ingredients body improves
and enhances the formation of glassy phase, but reduces its
viscosity during sintering. On cooling, the glassy matrix
solidifies and cements all the unmelted particles together.
As a result, a ceramic insulator product of high mechanical
properties could be obtained compared with those
containing no SCBA [7:9.14.33. 721 A|sg, the crushing strength
increased with the increase of firing temperature up to 1300
°C. This is mainly attributed to the increase of glassy or
liquid phase that improves the thermal reactions between the
various ingredients. This will lead to the formation of well-
developed crystals [ 3 48 71 On the other side, as the
SCBA content increased, the crushing strength of all
ceramic products gradually increased even with the increase
of firing temperature up to 1300°C. This may be contributed
to that the higher amount of SCBA encourages the suitable
contact between the various ceramic particles to react
normally with each other and with those of SCBA. This in
turn led to a promotion in the rate of the formed glassy
phase. So, the new phases that responsible for the enhancing
of mechanical strength were increased. In addition, the
migration of gases through the matrix created a ceramic
body with too low porosity, which reflected positively on
the mechanical properties [ 43 72.48. 711 Hence, the results of
densification properties of all samples are in a good
agreement with those of mechanical strength. Accordingly,
the optimum ceramic products are those containing 35 wt.
% SCBA fired at 1300 °C.
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3.4. Dry and firing shrinkage

The dry and firing shrinkage of the various ceramic
insulators units are drawn versus firing temperatures in Fig.
10. The dry shrinkage of all ceramic insulator bodies
seemed to be unchanged, i.e. all are equal to zero. As the
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firing temperature increased, the firing shrinkage slightly
enhanced %669, The ceramic insulator units containing no
SCBA, i.e. containing F only (B0) exhibited the lowest
firing shrinkage values. With those incorporating SCBA
(B1-B7), the firing shrinkage gradually and slightly
increased. This trend was achieved with all firing
temperatures. The lower values of firing shrinkage are
mainly due to the removal of residual and combined water
contents, but the higher values are due to the migration of
gases from the dissociation of carbonates (CO,) and sulfates
(SOs) 7268, 891 Fyrthermore, the presence of larger amounts
of CaO and alkali oxides in SCBA tends to lower the
melting point of the fired articles that contributed to the
formation of large amounts of glassy phase. This is the main
reason of the continuous increase of the firing shrinkage of
ceramic insulator bodies containing SCBA [7: 9 14, 34,43, 72]
However, the firing shrinkage of ceramic insulator units
containing SCBA lies in the permissible limits in all-
standard specifications. Hense, the dry and firing shrinkage
of the prepared insulator ceramic units are in a good
agreement with those of densification and mechanical
properties. Therefore, the addition of SCBA at the expense
of F in the ceramic insulator articles achieved the same
results as F alone.
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Fig 10: Dry and firing shrinkage of the various dry and fired
ceramic insulator batches at different firing temperatures.

4. Conclusions

1. This research studied the exploitation of priceless waste
material (SCBA) instead of the expensive feldspar in
the preparation of ceramin insulator products.

The oxide composition of SCBA is more or less very
similar to that of feldspar3- Water absorption and
apparent porosity were decreased with both SCBA
content and firing temperature.

Bulk density was improved and enhanced wotheither
SCBA and firing temperature.

The same trend in bulk density was displayed with
mechanical properties.

The dry shrinkage was unchanged, while the firing
shrinkage was slightly increased with both SCBA
content Anf firing temperature.

The optimum ceramic insulator batch was that
containing 35% SCBA fired at 1300 °C decause it
recoprded the highest results.

The higher amount of fluxing oxides (7.83%) in SCBA
cpmpared that of F (7.23%) is the main cause that make
SCBA was suitable to be replaced F in the production
of ceramic insulator products.
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