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ARTICLE INTFO ABSTRACT
Article history: The present study is aimed to develop porcelain from locally available raw materials. This
Received 29 December 2017 porcelain was prepared from the mixture of kaolin, quartz, feldspar, and recycled waste
Accepted 22 May 2018 glass. In this work, the expensive K-feldspar was substituted by recycled waste glass derived
Available online 5 July 2018 from broken car glass. The effects of recycled waste glass in partial replacement of K-feldspar
for porcelain are discussed. Experimental results showed significant effects of recycled
Keywords: waste glass substitution and sintering temperature on physical properties. Furthermore,
Kaolin (DD2) the microstructure observation indicated that the replacement of K-feldspar by the recy-
Quartz cled waste glass indicates the reducing firing temperature 200°C was achieved by 30 wt%
Recycled waste glass glass addition. Moreover, experimental investigations showed excellent mechanical (micro-
Porcelain hardness) and insulating properties (dielectric strength) of the prepared porcelain when
Vickers hardness compared to that of traditional porcelain insulators. The Vickers micro-hardness found an
Dielectric properties increase with both glass addition and sintering temperature. Dielectric constant (¢’), dielec-

tric loss tangent (tané) and loss factor (¢”) were measured at different frequencies. The
results reveal that glass addition enhances the dielectric properties of the samples fired at
1100°C. Finally, the best results of phase angle were obtained ~(—89.2°) for this porcelain.

These results prove that our prepared insulator is a dielectric capacitor.
© 2018 SECV. Published by Elsevier Espana, S.L.U. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Mejora de las propiedades mecanicas y dieléctricas de los aislantes de
porcelana mediante el uso de materias primas econémicas

RESUMEN

Palabras clave: El presente estudio tiene como objetivo obtener porcelana a partir de materias primas
Caolin (DD2) disponibles localmente. Esta porcelana se prepard con la mezcla de caolin, cuarzo, feldespato
Cuarzo y residuos de vidrio reciclado. En este trabajo, el costoso feldespato potasico se sustituyd
Residuos de vidrio reciclado por residuos de vidrio reciclado de vidrio roto de automéviles. Se abordan los efectos de
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Porcelana
Dureza de Vickers
Propiedades dieléctricas

los residuos de vidrio reciclado que sustituyen parcialmente al feldespato potésico en la
elaboracién de la porcelana. Los resultados experimentales mostraron efectos importantes
de la sustitucién de residuos de vidrio reciclado y la temperatura de sinterizacién sobre las
propiedades fisicas. Ademas, la observacién de la microestructura mostré que la sustitu-
ci6én del feldespato potasico por los residuos de vidrio reciclado indica que la reduccién de la
temperatura de coccién de 200 °C se obtuvo con el 30% del peso de adicién de vidrio. Aparte
de ello, las investigaciones experimentales mostraron excelentes propiedades mecénicas
(microdureza) y aislantes (resistencia dieléctrica) de la porcelana preparada en comparacién
con las de los aislantes de porcelana tradicionales. La microdureza de Vickers encontrd un
aumento con la adicién de vidrio y la temperatura de sinterizacién. La constante dieléctrica
(¢), 1a tangente de pérdida dieléctrica (tan 3) y el factor de pérdida (¢") se midieron a difer-
entes frecuencias. Los resultados revelan que la adicién de vidrio mejora las propiedades
dieléctricas de las muestras cocidas a 1.100 °C. Finalmente, los mejores resultados del dngulo
de fase ~(-89,2°) se obtuvieron de esta porcelana. Estos resultados demuestran que nuestro
aislante preparado es un condensador dieléctrico.

© 2018 SECV. Publicado por Elsevier Espaiia, S.L.U. Este es un articulo Open Access bajo
la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

In recent years, porcelain is produced in many countries
and its technology is well known and described in differ-
ent textbooks and papers [1]. Although the term porcelain
is sometimes applied to a variety of vitreous and near vitre-
ous ware, it is more properly restricted to translucent vitreous
ware. A wide range of triaxial ceramic compositions that
are used in white ware industries basically contain kaolin,
quartz and feldspar [2]. Porcelain insulators and porcelain
shells are important equipments in the operation of power
plants and transformer substations insulation and supporting
wire [3]. Porcelain materials have very interesting proper-
ties for many industrial applications. Ceramics possess an
extremely low thermal expansion; low thermal conductivity,
and high mechanical strength, these properties give an excel-
lent thermal shock resistance [4]. Several reports have been
published dealing with crystallization behaviour, microstruc-
ture and dielectric properties of many materials prepared by
several methods [5,6].

The dielectric properties of porcelain such as dielectric
permittivity and the dielectric loss factor depend on the char-
acteristics and relative quantities of different phases [7,8].
Particularly, anorthite and quartz phases tend to reduce the
global dielectric loss, whereas mullite increases dielectric loss.

Porcelains also possess low values of dielectric constant
~(16.4), and dielectric loss factor ~(0.93), which allow applica-
tions in electronic industry such as substrates for instance [9].
Porcelains are generally mixtures of 50 wt% of kaolin, 30 wt% of
flux feldspar and 20 wt% of quartz [10-12]. Sintering results in
the formation of a composite microstructure with crystals of
mullite, relicts of quartz and cristobalite embedded in a glassy
matrix [11].

The most established products from waste-derived glasses
are feasible by the sintering of pre-stabilized fly ash mixed
with clay and recycled soda-lime glass. The sintering treat-
ment does not compromise the chemical stabilization of fly
ash, as confirmed by leaching test and by cell culture studies
applied on sintered glass-ceramics [12].

Glass-waste interactions were found to provide a homo-
geneous foaming, without other additives, and partial
crystallization. The specific mechanical properties of the
resulting cellular glass-ceramics, being comparable to those
of conventional porcelain stoneware, sintered above 1100°C,
suggest an extensive use in the building industry [13,14].

Recently, some papers considered the introduction of soda-
lime waste glasses as raw materials for both ceramic bodies
and glazes [15,16]. In porcelain stoneware bodies, where soda-
lime glasses substitute feldspar fluxes, additions of up to 5 wt%
do not bring about any significant change in the technological
behaviour [17,18]. On this basis, commercial fluxes have been
developed as a mixture of feldspar plus different amounts of
soda-lime glass and they are currently utilized in porcelain
materials. This fact attracts further importance since ceramic
industry is classified as heavy industry and consumes huge
amounts of diminishing mineral resources [19,20]. In another
hand, the use of rock-cutting waste in electrical porcelains
manufacture has been investigated [21].

The dielectric properties of the technical porcelain were
studied. Consequently, this part is devoted only to the sin-
tering and the dielectric properties of technical porcelains. In
the present investigation, preparation of technical porcelains
using Algerian raw materials and dielectric properties was car-
ried out. Dielectric constant (¢'), loss factor (¢”) and dielectric
loss tangent (tan ) were studied.

In this work, the improvement of mechanical and dielectric
properties of the porcelain insulator sintered at different tem-
peratures has been investigated. To reduce the cost fabrication
of these materials, the effects of recycled waste glass in par-
tial replacement of K-feldspar on the crystallization behaviour
of porcelain prepared from Algerian kaolin (DD2), quartz and
feldspar were also studied.

Materials and methods

White porcelains were prepared from mixtures of four raw
materials: kaolin (DD2) [22] from the mine of Djebbel Debbagh
in Guelma, Algeria, which is white in colour and enriched in
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Table 1 - Chemical compositions of the starting raw materials, mass (%).

Oxides K (DD2) Quartz Feldspar Recycled
waste glass

SiO, 45.52 99.90 69 70.22

Al, O3 38.73 00.03 17.15 01.08
Fey03 0.04 00.01 00.17 00.08
Cao 00.18 - 02.32 12.01
Na,0 00.05 - 00.37 13.10
K,0 00.03 - 10.22 00.03
MgO = = - 01.55
SO3 - - 00.16 00.38
L.OIL 15.44 00.01 00.42 -

Total 99.99 99.95 99.81 98.45

alumina; quartz from Tamanrasset, Algeria, which is white in
colour and highly pure; feldspar from Spain (beige in colour
and with more than 10% of potassium oxide, its formula is
KAISizOg) and waste glass derived from broken car glass. The
chemical composition of the starting raw materials as deter-
mined by X-ray fluorescence (XRF) is shown in Table 1.

Four compositions were prepared by milling the ready
mixed powder according to the batch compositions shown
in Table 2. The prepared powder mixtures are named as NOO,
G10, G20 and G30, where N stands for 0% glass while G stands
for glass and 10, 20 and 30 denotes the weight percentage of
glass in the composition. Recycled waste glass was added to
kaolin and quartz to partially replace potash feldspar. Chem-
ical analysis of feldspar (Table 2) shows that it is a potash
feldspar composed mainly of SiO,. Its K,0 and CaO content
is 10.22 wt.% and 2.32 wt.% respectively. The chemical compo-
sition of the recycled waste glass reveals that it is composed
of high SiO, content (70.22%) and similar amounts of CaO
(12.01%) and NapO (13.10%). Raw materials mixtures were
charged into zirconia vials (250ml in volume) together with
zirconia balls (15 units). Milling was performed through a plan-
etary ball mill (Fritsch P6) for 5hours with a rotation speed of
250rpm. The slurry was dried at 110°C, powdered and sieved
through a 100 pm mesh and then compacted at a pressure of
100 MPa using a cold uniaxial press. Disc specimens of 13 mm
diameter and about 5mm thickness were shaped. In order
to determine an optimum preliminary sintering temperature,
the compacts were thermal treated under atmospheric condi-
tions at different temperatures within the range 1000-1300°C
for 2h of soaking with heating rate of 10°C/min and cooled
down inside the furnace.

XRD analyses were carried out using a Bruker D8 diffrac-
tometer. The XRD tests conditions were Ni-filtered Cuk a X
radiation (35kV-30mA) with a scanning speed of 37° (26) per
minute and at an increment of 0.05°. Phases identification was
achieved by means of the PDF-2 database (ICDD-International
Centre for Diffraction Data, New Town Square, PA). The
chemical functional groups were investigated by Fourier trans-
form infrared spectroscopy (FT-IR) Perkin Elmer type FT-IR
within the wave number range of 4000400 cm~!. The method
described in this study has now been generally adopted with
satisfactory results. The substance is finely and smoothly
ground under Nujol directly on the KBr pellet and the mull
gently pressed between two KBr pellets in order to reduce it
to a thin and uniform layer. After recording the spectrum, the

pellets are carefully separated, and Nujol is repeatedly washed
with very light petroleum ether leaving the fine powder on the
surface of the pellets which are then joined again as a sand-
wich. A second spectrum on the dry powder is then recorded,
normally only in the spectral regions masked by the Nujol
bands.

All mixtures were subjected to differential thermal analy-
sis (DTA) using Setaram DTA 92 thermal analysis system with
10°C/min heatingrate in air. The bulk density and open poros-
ity of sintered samples sintered at different temperatures were
measured using a densimeter model KERN ARS 220-4 and
quantified according to Archimedes principle [ISO test method
(10545-3)]. Water absorption was estimated by immersion in
boiling water, according to recent norms [23].

Linear shrinkage on firing (L.S.%) was evaluated through
the equation (ASTM C326):

D; - Dy
1

LS.% =

x 100%, D

where D; and D, are the outer diameters of the samples before
and after sintering, respectively.

The morphology of fracture surface was observed by scan-
ning electronic microscopy SEM (JEOL JSM-7001F) on samples
etched with 10% HF for 30s.

Vickers micro-hardness (Hv) of sintered samples were
determined using a Zwick microhardness tester model
3210Hv is measured by pressing a rod tip into the mate-
rial surface and finding the amount of deformation from the
dimensions of the formed indenter. A load (P) of 500 g was
used; this load was optimized through changing the load from
100g to 500g [24]. The time period of the indentation was
12s immediately after the indentation, the diameters (d) of
the formed indents were measured. Hv is quantified using the
equation:

Hv = 1.8544-6%2 2)

The dielectric constant (¢'), dielectric loss factor (¢”) and
dielectric loss tangent (tan §) were measured using a Precision
Impedance Analyzer model Wayne Kerr N°6420. In this test,
samples of 1.5 mm thickness and 13 mm diameter were used.
Samples were inserted between two planar copper electrodes.
This capacitor is subjected to an alternating electric field for
different frequencies (200 kHz-1 MHz).
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Table 2 - Percentage of additive material of samples, mass (%).

Samples K (DD2) Quartz Feldspar Recycled
waste glass
NOO 50 20 30 00
G10 50 20 20 10
G20 50 20 10 20
G30 50 20 00 30
a Q: Quartz (o] Q: Quartz
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Fig. 1 - XRD patterns of samples sintered at different temperatures for 2h (a) N0O, (b) G10, (c) G20 and (d) G30. Q= quartz,

M =mullite, A = anorthite.

Results and discussion
Physical properties

X-rays diffraction patterns obtained from the samples heated
at different temperatures are shown in Fig. 1. The XRD diffrac-
togram for NOO sample heat treated at 1000 °C shows the peaks
corresponding quartz (PDF#84-0962) and anorthite (PDF#84-
0750) (Fig. 1a). At 1050 °C, the dissolution of anorthite and the
formation of mullite (PDF#84-0853) as new phase are observed
and X-ray patterns of samples fired in the 1150°C and 1300°C
temperature interval indicates the dissolution of quartz and
the development of a glassy phase.

The XRD spectra for the samples G10 (Fig. 1b) shows peaks
corresponding to quartz and small peaks corresponding to
mullite. From 1050°C, the presence of a new phase of anor-
thite is revealed. At 1100°C the dissolution of anorthite and

quartz is observed. A completely dissolution of quartz is noted
at 1200°C. At higher temperature (1250°C and 1300°C) the
presence of only mullite and glassy phase is observed.

Fig. 1c shows the X-rays diffraction patterns recorded
from the samples G20 where a notably decrease in intensity
with temperature between 1000°C and 1300°C is noticed. At
1000°C, XRD peaks corresponding to quartz, anorthite and
mullite are observed. Anorthite and quartz begins to dissolve
from 1100°C. At 1150°C, the presence of a glassy phase and
mullite were noted.

In the G30 samples (Fig. 1d), three phases of mullite,
quartz and anorthite were presented at 1000 °C [21]. The inten-
sity of the peaks corresponding to quartz decreases notably
with temperature (1000-1100°C). At 1100°C, a glassy phase
appears.

The functional groups in porcelain samples synthesized at
different temperatures were evaluated by FT-IR as shown in
Fig. 2. The spectrum as a whole is divided into two sections;
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Fig. 3 - DTA curves for samples mixtures during heating.

the first one comprises the main sharp distinctive and char-
acteristic absorption bands extending in the mid IR region.
From 500 to about 2000 cm~?, and the second part reveals only
two small peaks, at about 2851 and 2918 cm~! followed by a
broad band in the far IR region centred at about 3616cm~1.
Moreover, an additional small band around 2239 cm™1 is also
observed [19,20]. The spectra corresponding to NOO sample
heated at 1100°C reveals the presence of two bands at 515
and 542 cm~! relating to the vibrations of bond Si—0 [21,25].
In Fig. 2, the spectra corresponding to NOO and G10 are almost
identical. Other bands around 622 and 815 cm™! are attributed
to Si—O—Si symmetric stretching of bridging oxygen between
tetrahedral. In G20 samples there is a clear modification of
the functional groups [26]. A new band at 1294cm~? corre-
sponding to Si—O in the sample heated at 1100°C appears
[14-21,23-31]. Moreover, the band observed at 1873cm™1! can
be related to the asymmetric stretching vibration of CO32~
anions [23].

The crystallization kinetics of mullite formation in the
porcelain may be determined by the DTA technique, which
allows to follow the evolution during a continuous heating
(isothermal treatment) from ambient temperature to high
temperature (1300°C). DTA curves of studied porcelain sam-
ples recorded during heating with a rate of 10°C/min are
shown in Fig. 3. On the curves of all samples, two peaks at
about 500°C and 950 °C are observed. The first one (endother-
mic) is due to the dehydration of kaolinite, while the second
peak (exothermic) is due to spinel formation [30,31]. The first
endothermic peak does not experiment any change with addi-
tion of feldspar or recycled waste glass, because this peak is
related to kaolinite transformation [28]. However both inten-
sity and temperature of the second exothermic peak decrease
with recycled waste glass addition from 990°C to 950°C for
samples NOO and G30, respectively. The proportion of the
solvent (CaO, Na,O (Table 3)) increases with increasing per-
centage of glass addition, and thus facilitating the formation
of spinel phase [24,27].

Fig. 4a represents the bulk density of the pellet disks sin-
tered at various temperatures. It is observed that the bulk

Table 3 - Chemical compositions of all samples, mass
(%)

Elements NOO G10 G20 G30
Si0, 63.44 63.56 63.68 63.81
Al 05 24.49 22.92 21.31 19.70
Fe,03 00.08 00.06 00.05 00.04
Cao 00.79 01.75 02.72 03.69
Na,O 00.14 01.41 02.68 03.95
K,0 03.08 02.06 01.04 00.02
MgOo = 00.15 00.31 00.46
SO3 00.05 00.07 00.16 00.11
L.O.L 07.85 07.81 07.76 07.72
Total 99.92 99.79 99.71 99.51

density represents a maximum value (2.5g/cm?®) in all the
samples after thermal treatment for 2h at 1050°C [32].

For NOO samples, it is seen that the bulk density is practi-
cally constant between 1050 °C and 1150 °C. Then, it decreases
up to 1200 °C and becomes constant from 1250°C. This reduc-
tion is possibly due to the transformation of residual open
porosity into closed porosity and/or the appearance of a new
phase (liquid phase) resulting from the presence of K,0.

In G10 samples, the bulk density is practically constant
between 1015°C and 1150°C, which is due to the stability of
the constituent phases. From 1200 °C, a small decrease in bulk
density which is due to the appearance of the liquid phases is
observed.

In the case of G20 samples, the bulk density is constant
between 1050°C and 1100°C and is equal to 2.5 g/cm3. Then,
a linear decrease in the bulk density from 1100°C to 1250°C
is due to the formation of a liquid phase from the presence of
a large amount of different fluxes (K,0, Na,O and CaO) (see
Table 3). In the case of samples G30, a marked decrease in
density can be observed from 1100 °C. This reduction is prob-
ably due to the appearance of a large amount of glassy phase.
The samples sintered at 1200°C and 1250°C show relatively
low density values (lower than 1g/cm?) due to boiling of the
constituent phases [32].

Fig. 4b shows the evolution of the open porosity in porcelain
samples according to the sintering temperature. For NOO and
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Fig. 4 - (a) Bulk density and (b) open porosity of the
samples sintered at different temperatures.

G10 samples, almost zero values have been detected between
1050°C and 1200°C, which indicates the final stage of the sin-
tering process. The appearance of the liquid phase at higher
temperature (1250°C and 1300 °C) permits an easy release of
gas trapped in the closed pores, which leads to the forma-
tion of new open porosity. The role of the liquid phase in
microstructure formation and porosity reduction is not as pre-
dominant as in vitrified porcelain [33].

In the case of G20 and G30 samples, an increase of open
porosity at 1100°C and 1150°C is observed. The decreasing of
temperature where open porosity occurs confirms that poros-
ity is due to the presence of liquid phases.

Fig. 5a shows the shrinkage of porcelain samples on fir-
ing. All samples show almost constant shrinkage (11-13%)
between 1000°C and 1150°C. These values are lower than
those reported by Kim et al. [34,35]. At 1200 °C, the sample NOO
achieves the maximum shrinkage value (18%), which indicates
the best sintering temperature. From 1250°C the decrease in
shrinkage is due to the appearance of liquid phases.

Generally, the presence of the liquid phases facilitates the
sintering process, but in this case, the existence of a great
amount of liquid phase with low density leads to a swelling of
the samples. The same remarks were noted for G10 sample.

Regarding G20 samples, a significant reduction in the
shrinkage from 1150°C is due to the presence of the high
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Fig. 5 - (a) Shrinkage and (b) water absorption of the
samples sintered at different temperatures.

quantity of the glassy phase. In samples G30, the melting of
the materials after 1150 °C (exaggerated swelling) is observed.
A high correlation between the shrinkage and bulk density is
noted.

Fig. 5b shows the evolution of water absorption of the
porcelain samples as a function of temperature. The absorp-
tion of water near to zero or very low between 1050°C
and 1250°C for NOO and G10 samples. This means that the
open porosity is completely converted to closed porosity. The
appearance of the liquid phase between 1250°C and 1300°C
causes a swelling of the samples. The release of gases trapped
in the closed pores produces a small amount of open poros-
ity. However the absorption of a small amount of water means
that the porosity is small.

In the G20 samples, there is a sharp increase in water
absorption from 1250°C. This increase is due to the creation
of open porosity. For G30 samples, there is a slight increase in
water absorption from 1150°C. It also means a strong increase
at 1200°C and 1250°C, which is explained by the creation of a
large degree of open porosity. In general, the water absorption
is in agreement with the results obtained in open porosity.
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Fig. 6 - SEM micrographs of the samples sintered at 1100 °C for 2 h: (a) N0OO, (b) G10, (c) G20 and (d) G30. Q= quartz,

M =mullite, A = anorthite, P = porosity.

Fig. 6 shows the microstructure of all samples sintered at
1100°C for 2h. Based on phase chemical analysis and phase
morphology, it was possible to identify the phases named in
Fig. 6. All fired samples contain quartz. This residual quartz is
retained from the original quartz contained the starting raw
materials. In NOO and G10 samples, a well-nigh of quartz grains
(randomly form with the vitreous phase) and small grains of
mullite are observed as shown in Fig. 6a and b, respectively
[36]. In G20 samples, quartz grains are showing different grain
sizes, which confirms the relatively good densification of sam-
ples sintered at 1100°. In this case multiple phases such as
mullite and anorthite were revealed (Fig. 6¢c). The presence of
anorthite was a consequence of the calcium oxide within the
waste glass composition. Moreover, the presence of pores is
clearly visible in this sample. For the G30 samples (Fig. 6d), a
notably change of the microstructure is observed. There are
substantial amounts of both crystalline (quartz) and glassy
phases. The sample containing glass 20 wt% and sintered at
1100°C, shows an improvement on the physical behaviour of
the insulator.

Mechanical and dielectric properties

Mechanical properties

The micro-hardness test is an excellent way to evaluate the
effect of variables on hardness or resistance to penetration of
porcelain samples, mainly after surface etching. This proce-
dure allows the selection of areas free of porosities and allows
indentations on heterogeneous areas.

The procedure allows determining the Vickers hardness
(Hv). It is known from the literature [37] that the produced
impression dimension is related to the applied load according
to the hardness of the material.

Fig. 7 shows the Vickers micro-hardness (Hv) as func-
tion of sintering temperatures. The Vickers hardness values
increased from 4 to 8GPa as the sintering temperatures

I NOO
EEmG10
G20
. G30

Vickers microhardness (GPa)

1000 1050 1100
Temperature(°C)

Fig. 7 — Vickers micro-hardness versus the sintering
temperatures for samples containing N00, G10, G20 and
G30.

between (1000°C and 1100°C) and it is influenced by glass
additions. The existence of mullite increases the micro hard-
ness of porcelain (mullite hardness ~ 15 GPa) [38,39].

It is observed that the addition of glass in porcelain com-
position leads to an increase in micro hardness values. For
G10 and G20 samples, the micro-hardness increase by 33% and
38% respectively, in relation to the reference porcelain sample
NOO sintered at 1100°C. The increase in both mullite con-
tent and bulk density resulting from glass addition porcelain
contribute to this improvement. Mullite is considered a key
phase during the formation of the porcelain [40]. According to
XRD patterns, the concentration of mullite increases by adding
glass. The concentration of any phase is related to the inten-
sity of their peaks [41]. It can be observed also that G30 sample
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(containing glass instead of Feldspar) sintered at 1000°C
shows a high micro-hardness value, which decreases in sam-
ple prepared at 1100 °C. This is due to a higher densification at
1000°C, which is followed of an increase in residual porosity
as temperature increases. However, the micro-hardness val-
ues of G10 and G20 samples are approximately constant at
the limit of 8 GPa. This is due to presence of feldspar and glass
(K20, Na,0) in the original raw material mixture since these
fluxing elements facilitate the sintering process and eliminate
the residual porosity.

The addition of glass has a positive effect on mechan-
ical properties. The optimal Vickers micro-hardness (8 GPa)
is observed in G20 sample thermal treated at 1100°C. This
value is relatively raised when compared to that (6.5GPa)
obtained by [41,42] but near to that (8.5 GPa) reported by [43].
The variation of mechanical properties is mainly related to the
vitrification degree and residual porosity [44]. The number of
topological constraints between atoms or crystalline phases
in the porcelain has an impact on hardness of a material con-
taining a glassy or liquid phase.

Porcelain is characterized by its high ability to dielectric
isolation due to the strong bonding between its atoms. The
bonds between porcelain atoms are ionic bonds of high dura-
bility. This is because the ionic bond possesses electrostatic
energy as well as the valence electrons that are strongly inter-
connected in covalent bonds.

Feldspar is one of the most important materials that
improve the properties of the mechanical porcelain prod-
uct, but its increase negatively affects the insulation and the
properties of porcelain are affected by the concentration and
quality of oxides (Na*, K*) for containing alkali metal ions [45].
Developing an insulator having excellent mechanical strength
was realized. The composition has 20 wt% sintered at 1100°C
found to be most suitable for mechanical applications.

Dielectric properties

In this study, the dielectric values were improved by adding
a glass content of 20 wt% in the base composition. A change
of dielectric properties as function of both; conditions of the
manufacture of the porcelain body and conditions of mea-
suring was observed, the dependence of dielectric constant
(¢'), dielectric loss factor (¢”) and dielectric loss tangent (tané)
on the frequency (f) is shown in Fig. 8a,b and Fig. 9, respec-
tively. It is noted that NOO and G20 samples sintered at 1100 °C
show a slight decrease and relative stability of the dielectric
constant (¢/) with the increase in the frequencies as shown
in Fig. 8a. This is due to the decrease in the polarization of
the space charges. The stability of the dielectric constant (¢)
at high frequencies means that the effect of space charge
was suppressed [29]. On further addition of glass, the dielec-
tric constant value decreases for G20 sample compared with
NOO values when measured within the frequency range of
200kHz-1MHz (Fig. 8a).

Fig. 8b shows the dielectric loss factor (¢”) as function of
frequency (Hz). It is clearly shown that NOO and G20 sam-
ples sintered at 1100°C show a reduction of dielectric loss
factor (¢”) values when measured within the frequency range
of 200kHz-1MHz. After that a stability of loss factor values
is noted. The results concerning the loss factor values are
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Fig. 8 - (a) Dielectric constant (¢’), and (b) dielectric loss
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Fig. 9 - Dielectric loss tangent (tan §) versus frequency (Hz).

approximately similar to those reported by several authors
[36,46].

Fig. 9 shows the dielectric loss tangent (tan §) as function of
frequency (Hz). A decrease of (tané) is found within the range
of 200 kHz-1 MHz. These values are also approximately similar



36 BOLETI{N DE LA SOCIEDAD ESPANOLA DE CERAMICA Y VIDRIO 58 (2019)28-37

-89.1 4
> 0
; -89.4, ¢, ..“, ..0',..‘
<@ . o ‘e o",
g . * .
T . e .oo.u'."
8 ¢ - .00‘
© .. .’o.
[ -
T 89.7 ’. ',’
.
.
.
0‘.
1
-90.0 T T T T T 1
400.0k 800.0k 1.2M 1.6M 2.0M

Frequency (Hz)

Fig. 10 - Phase angle 0 (°) versus frequency (Hz).

to values archived by [40,47]. A minor improvement of (tan )
by adding glass (G20) is reported.

It is known that the dielectric constant of porcelain
increases in presence K* and Na* cations [46] and decreases
when they are replaced by Ca?*, Mg?*, and Ba?* cations
[45]. These dielectric properties decrease with the glass addi-
tion. Thus, G20 sample showed a 31.02% of improvement in
relation of the reference porcelain sample (N0O) at high fre-
quency. Glass phase has a dominant influence on electrical
and dielectric properties of fired ceramics. These properties
are determined by the concentration and mobility of K* and
or Na* ions in this phase [48]. On the other hand, mullite has a
vital role on dielectric properties. XRD analyses indicated that
samples with added glass showed higher percentage of crys-
talline phases than classic porcelain without glass addition,
which can explains the improvement of dielectric strength.

Fig. 10 shows phase angle () as function of frequency (Hz).
A significant decrease of phase angle values was observed
with increasing frequencies. It brings near to (—89.2°). It is
important to notify that this result proves that our prepared
insulator is a capacitor circuit. This porcelain sample is suit-
able for application as electrical insulators in the present form
because of its higher dielectric.

Conclusions

The use of recycled waste glass powder as a fluxing agent
replacing feldspar in this work led to a lower sintering temper-
ature of porcelain samples, which was explained by a higher
amount of fluxing elements compared to feldspar. XRD anal-
yses show the formation of porcelain bodies with mullite and
quartz phases in NOO sample, and anorthite is also found in
G10, G20 and G30 samples. From this investigation, the pos-
sibility of preparing white porcelain from kaolin, quartz and
recycled waste glass (for feldspar replacement) was lighted.
This work demonstrated that mechanical and dielectric prop-
erties of porcelain prepared at low temperature are improved
by glass addition.

The added glass, which is responsible for the improvement
in the Vickers micro-hardness as well as the dielectric con-
stant value, was selected in G20 sample sintered at 1100°C.

The low dielectric constant provides the advantage of using
the insulator in high voltage (capacitor dielectrics). Finally, the
obtained results propose extremely interesting properties for
high voltage insulation domain.
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