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ABSTRACT 

The present study is aimed to develop porcelain from locally available raw materials. This porcelain 

was prepared from the mixture of kaolin, quartz, feldspar, and recycled waste glass. In this work, the 

expensive K-feldspar was substituted by recycled waste glass derived 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 waste glass substitution and melting 

temperature on physical properties. Furthermore, the microstructure observation indicated that the 

replacement of K-feldspar by the recycled waste glass indicates the reducing firing temperature 

200 °C was achieved by 30 wt% glass addition. Moreover, experimental investigations showed 

excellent mechanical (micro-hardness) and insulating properties (dielectric strength) of the prepared 

porcelain when compared to that of traditional porcelain insulators. The Vickers micro-hardness 

found an increase with both glass addition and sintering temperature. Dielectric constant (ɛ′), 

dielectric loss tangent (tan δ) and loss factor (ɛ″) 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 
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INTRODUCTION 

In recent years, porcelain is produced in many countries and its technology is well known and 

described in different textbooks and papers (Karamanov et al 2006). Although the term porcelain is 

sometimes applied to a variety of vitreous and near vitreous 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 (Bhattacharyya et al 2005) . Porcelain 

insulators and porcelain shells are important equipments in the operation of power plants and 

transformer substations insulation and supporting wire (Chen, and Wang 2008). Porcelain materials 

have very interesting properties for many industrial applications. Ceramics possess an extremely low 

thermal expansion; low thermal conductivity, and high mechanical strength, these properties give an 

excellent thermal shock resistance (Matteucci et al 2002). Several reports have been published 

dealing with crystallization behaviour, microstructure and dielectric properties of many materials 

prepared by several methods (Mumtaz, et al 2016, rafeal et al 2016). The dielectric properties of 

porcelain such as dielectric permittivity and the dielectric loss factor depend on the characteristics 

and relative quantities of different phases (Kumar,et al 2014, Guatam, et al 2014). 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 applications in electronic industry such as substrates for instance (Liang, 

et al 2016). Porcelains are generally mixtures of 50 wt% of kaolin, 30 wt% of flux feldspar and 20 

wt% of quartz (Yuruyen and Toplan 2009,Carty and Senapati 1998, Ponsot et al 2015). Sintering 

results in the formation of a composite microstructure with crystals of mullite, relicts of quartz and 

cristobalite embedded in a glassy matrix (Carty and Senapati 1998). The most established products 
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from waste-derived glasses are feasible by the sintering of pre-stabilized fly ash mixed with clay and 

recycled soda-lime glass. The sintering treatment does not compromise the chemical stabilization of 

fly ash, as confirmed by leaching test and by cell culture studies applied on sintered glass-ceramics 

(Ponsot et al 2015). 

Glass-waste interactions were found to provide a homogeneous 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 (Udoka  2023), Some papers considered the introduction of 

soda lime waste glasses as raw materials for both ceramic bodies and glazes (Marinini and D alessio 

2013, Qin et al 2015). 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 (Tucci et al 2006, Karamannov et al 2003). 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 (Seung st 

al 2016, Bernado et al 2012). In another hand, the use of rock-cutting waste in electrical porcelains 

manufacture has been investigated (Fernades and Ferreira 2007). The dielectric properties of the 

technical porcelain were studied. Consequently, this part is devoted only to the sintering and the 

dielectric properties of technical porcelains. In the present investigation, preparation of technical 

porcelains using Algerian raw materials and dielectric properties was carried out. Dielectric constant 

(ε′), loss factor (ε′′) and dielectric loss tangent  (tanı) were studied. In this work, the improvement of 

mechanical and dielectric properties of the porcelain insulator sintered at different temperatures has 

been investigated. To reduce the fabrication cost of these materials, the effects of recycled waste 

glass in partial replacement of K-feldspar on the crystallization behavior of porcelain prepared from 

Clay (DD2), quartz and feldspar were also studied. 

 

MATERIALS AND METHODS 
White porcelains were prepared from mixtures of four raw materials: kaolin (DD2) (Chouia et al 

2015) from the mine , nigeria, which is white in colour and enriched in alumina; quartz from etche, 

nigeria, 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 KAlSi3 O8 ) and waste glass derived from broken car 

glass. The chemical composition of the starting raw materials as determined by X-ray fluorescence 

(XRF) is shown in Table 1. 

Table 1 – Chemical compositions of the starting raw materials, mass (%). 

Oxides K (DD2)            Quartz             Feldspar Recycled waste glass 

SiO2 45.52 99.90 69 70.22 

Al2O3 38.73 00.03 17.15 01.08 

Fe2O3 0.04 00.01 00.17 00.08 

CaO 00.18 - 02.32 12.01 

Na2O 00.05 - 00.37 13.10 

K2O 00.03 - 10.22 00.03 

MgO - - - 01.55 

SO2 - - 00.16 00.38 

L.O.1 15.44 00.1 00.42 - 

TOTAL 99.99 99.95 99.81 98.45 

 

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 N00, G10, G20 and 

G30, where N stands for 0% glass while G stands for glass and 10, 20 and 30 denotes the weight 
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percentage of glass in the composition. Recycled waste glass was added to kaolin and quartz to 

partially replace potash feldspar. Chemical analysis of feldspar (Table 2) shows that it is a potash 

feldspar composed mainly of SiO2 . Its K2O and CaO content is 10.22 wt.% and 2.32 wt.% 

respectively. The chemical composition of the recycled waste glass reveals that it is composed of 

high SiO2 content (70.22%) and similar amounts of CaO (12.01%) and Na2O (13.10%). Raw 

materials mixtures were charged into zirconia vials (250 ml in volume) together with zirconia balls 

(15 units). Milling was performed through a planetary ball mill (Fritsch P6) for 5 hours with a rotation 

speed of 250 rpm. The slurry was dried at 110 ◦C, powdered and sieved through a 100 m mesh and 

then compacted at a pressure of 100 MPa using a cold uniaxial press. Disc specimens of 13 mm 

diameter and about 5 mm thickness were shaped. In order to determine an optimum preliminary 

sintering temperature, the compacts were thermal treated under atmospheric conditions at different 

temperatures within the range 1000–1300 ◦C for 2 h of soaking with heating rate of 10◦C/min and 

cooled down inside the furnace. XRD analyses were carried out using a Bruker D8 diffractometer. 

The XRD tests conditions were Ni-filtered Cuk  X radiation (35 kV–30 mA) with a scanning speed 

of 37◦ (2) 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 transform infrared spectroscopy (FT-IR) 

Perkin Elmer type FT-IR within the wave number range of 4000–400 cm−1 . 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 sandwich. 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 analysis (DTA) using Setaram DTA 

92 thermal analysis system with 10 ◦C/min heating rate in air. The bulk density and open porosity 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 . Linear shrinkage 

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

𝐿. 𝑆 % =
𝐷1 − 𝐷2

𝐷1
× 100% 

where D1 and D2 are the outer diameters of the samples before and after sintering, respectively. 

The morphology of fracture surface was observed by scanning electronic microscopy SEM (JEOL 

JSM-7001F) on samples etched with 10% HF for 30 s. Vickers micro-hardness (Hv) of sintered 

samples were determined using a Zwick micro hardness tester model 3210 Hv is measured by 

pressing a rod tip into the material 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 100 g to 500 g (Heraiz et al 2013). The time period of the indentation was 12 

s immediately after the indentation, the diameters (d) of the formed indents were measured. Hv is 

quantified using the equation 

𝐻𝑣 = 1.8544
𝑝

𝑑2
 

The dielectric constant (ε′), dielectric loss factor (ε′′) and dielectric loss tangent (tan ı) 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 (%) 

Sample 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 

 

RESULTS AND DISCUSSION 

Physical properties 

X-rays diffraction patterns obtained from the samples heated at different temperatures are shown in 

Fig. 1. The XRD diffractogram for N00 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 anorthite 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 (Seung-Ryong et al 2010). The 

intensity 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; the first one comprises the main sharp distinctive and characteristic 

absorption bands extending in the mid IR region. From 500 to about 2000 cm−1 , and the second part 

reveals only two small peaks, at about 2851 and 2918 cm−1 followed by a broad band in the far IR 

region centred at about 3616 cm−1 . Moreover, an additional small band around 2239 cm−1 is also 

observed (Shunhua et al 2017). The spectra corresponding to N00 sample heated at 1100 ◦C reveals 

the presence of two bands at 515 and 542 cm−1 relating to the vibrations of bond SiO (Fernandes, 

and Ferreira et al 2007, Nandi et al 2019). 

 

In Fig. 2, the spectra corresponding to N00 and G10 are almost identical. Other bands around 622 

and 815 cm−1 are attributed to SiO. Si symmetric stretching of bridging oxygen between tetrahedral. 

In G20 samples there is a clear modification of the functional groups (Khalil, et al 2010). A new band 

at 1294 cm−1 corresponding to Si O in the sample heated at 1100 ◦C appears (Tucci et al 2004, 

Marinoni et al 2012, Qin et al 2015, Tucci et al 2006, Fernandes, and Ferreira 2010, Bernardo,and 

Bingham 2010, Karamanov et al 2019, Seung et al 2016, Nandi et al 2019, ISO 10545-3 1997, Khalil 

et al 2010 ). Moreover, the band observed at 1873 cm−1 can be related to the asymmetric stretching 

vibration of CO32−anions (ISO 10545-3 1997). 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 samples 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 (endothermic) is due to the dehydration of kaolinite, while the second peak (exothermic) is due 
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to spinel formation (Wereszczak et al 2002, Yang et al 2012). The first endothermic peak does not 

experiment any change with addition of feldspar or recycled waste glass, because this peak is related 

to kaolinite transformation (Braganca,and. Bergmann, 2005). However both intensity and 

temperature of the second exothermic peak decrease with recycled waste glass addition from 990 ◦C 

to 950 ◦C for samples N00 and G30, respectively. The proportion of the solvent (CaO, Na2 O (Table 

3)) increases with increasing percentage of glass addition, and thus facilitating the formation of spinel 

phase  (Souza et al 2010, Heraiz et al 2013). Fig. 4a represents the bulk density of the pellet disks 

sintered at various temperatures. It is observed that the bulk 

Fig. 1 — XRD patterns of samples sintered at different temperatures for 2 h (a) NOO, (b) Gb, (c) 

G20 and (d) G30. Q= quartz, M = mullite, A = anorthite. 

Table 3 – Chemical compositions of all samples, mass% 

Elements N00 G10 G20 G30 

SiO2 63.44 63.56 63.68 63.81 

Al2O3 24.49 22.92 21.31 19.70 

Fe2O3 00.08 00.06 00.05 00.04 

CaO 00.79 01.75 02.72 03.69 

Na2O 00.14 01.41 02.68 03.96 

K2O 03.08 02.06 01.04 00.02 

MgO - 00.15 00.31 00.46 

SO2 00.05 00.07 00.16 00.11 

L.O.1 07.85 07.81 07.76 07.72 

TOTAL 99.92 99.79 99.71 99.51 

 

density represents a maximum value (2.5 g/cm3 ) in all the samples after thermal treatment for 2 h at 

1050 ◦C (Maity, and Sarkar1996). For N00 samples, it is seen that the bulk density is practically 
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constant between 1050 ◦C and 1150 ◦C. Then, it decreases up to 1200 ◦C and becomes constant from 

1250 ◦C. This reduction 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 K2 O. 

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 (K2 O, Na2 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 probably 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 1 g/cm3 ) due to boiling of the constituent phases (Bakr 

2005). 

Fig. 4b shows the evolution of the open porosity in porcelain samples according to the sintering 

temperature. For N00 and G10 samples, almost zero values have been detected between 1050 ◦C and 

1200 ◦C, which indicates the final stage of the sintering 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 formation of new open porosity. The role of the liquid phase in 

microstructure formation and porosity reduction is not as predominant as in vitrified porcelain 

(Maity, and Sarkar 1996). 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 

porosity is due to the presence of liquid phases. Fig. 5a shows the shrinkage of porcelain samples on 

firing. All samples show almost constant shrinkage (11–13%) between 1000 ◦C and 1150 ◦C. These 

values are lower than those reported by (Kim and H ward 2015, Bernardo, and Bingham 2010). At 

1200 ◦C, the sample N00 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 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 absorption of water near to zero or very low 

between 1050 ◦C and 1250 ◦C for N00 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 porosity. 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. 

.Fig. 6 shows the microstructure of all samples sintered at 1100 ◦C for 2 h. 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 N00 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 (Awaad et al 2015). In G20 samples, quartz grains are showing differen tgrain 
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sizes, which confirms the relatively good densification of samples sintered at 1100◦. In this case 

multiple phases such as mullite and anorthite were revealed (Fig. 6c). 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 procedure 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 (Montoya et 

al 2010) 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 function of sintering 

temperatures. The Vickers hardness values increased from 4 to 8 GPa as the sintering temperatures 

between (1000 ◦C and 1100 ◦C) and it is influenced by glass additions. The existence of mullite 

increases the micro hardness of porcelain (mullite hardness ≈ 15 GPa) (Ramaswamy,et al 2005, 

Sidjanin, et al 2007 ). It is observed that the addition of glass in porcelain composition 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 N00 sintered at 1100 ◦C. The 

increase in both mullite content and bulk density resulting from glass addition porcelain 

contribute to this improvement. Mullite is considered a key phase during the formation of the 

porcelain (Muthafar et al 2013). According to XRD patterns, the concentration of mullite increases 

by adding glass. The concentration of any phase is related to the intensity of their peaks (Muthafar et 

al 2010). It can be observed also that G30 sample containing glass instead of Feldspar) sintered at 

1000◦C shows a high micro-hardness value, which decreases in sample 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 values of G10 and G20 samples are 

approximately constant at the limit of 8 GPa. This is due to presence of feldspar and glass 

(K2 O, Na2 O) 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 mechanical 

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 (6.5 GPa) obtained by (Santos et al 

2018, murthafar et al 2016) but near to that (8.5 GPa) reported by (Yunlong et al 2005).The variation 

of mechanical properties is mainly related to the vitrification degree and residual porosity (Alexander 

2006). The number of topological constraints between atoms or crystalline phasesin the porcelain has 

an impact on hardness of a material containing 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 durability. 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 product, 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 (Ll’ina 

2004). 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. 
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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 measuring was observed, the dependence of 

dielectric constant (ε′), dielectric loss factor (ε′′) and dielectric loss tangent (tan ı) on the frequency 

(f) is shown in Fig. 8a,b and Fig. 9, respectively. It is noted that N00 and G20 samples sintered at 

1100 ◦C show a slight decrease and relative stability of the dielectric constant (ε′) 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 (ε′) at high frequencies means that the effect of space 

charge was suppressed (Shunhua et al 2010). On further addition of glass, the dielectric constant 

value decreases for G20 sample compared with N00 values when measured within the frequency 

range of 200 kHz–1 MHz (Fig. 8a). Fig. 8b shows the dielectric loss factor (ε′′) as function of 

frequency (Hz). It is clearly shown that N00 and G20 samples sintered at 1100 ◦C show a reduction 

of dielectric loss factor (ε′′) values when measured within the frequency range of 200 kHz–1 MHz. 

After that a stability of loss factor values is noted. The results concerning the loss factor values are 

approximately similar to those reported by several authors (Awaad et al 2017, murthafar ey al 2014). 

Fig. 9 shows the dielectric loss tangent (tan ı) as function of frequency (Hz). A decrease of (tan ı) is 

found within the range of 200 kHz–1 MHz. These values are also approximately similar to values 

archived by (Muthafar et al 2014, Chaudhuri and Sarkar 2000). A minor improvement of (tan ı) by 

adding glass (G20) is reported. It is known that the dielectric constant of porcelain increases in 

presence K+ and Na+ cations (Ling et al 2013) and decreases when they are replaced by Ca2+ , Mg 

2+ , and Ba2+ cations (Ll’ina,2009). These dielectric properties decrease with the glass addition. 

Thus, G20 sample showed a 31.02% of improvement in relation of the reference porcelain sample 

(N00) at high frequency. 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 (Tmovcova et al 2007). On the other hand, mullite has a vital role on dielectric 

properties. XRD analyses indicated that samples with added glass showed higher percentage of 

crystalline phases than classic porcelain without glass addition, which can explains the improvement 

of dielectric strength. Fig. 10 shows phase angle 𝜃0 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 suitable for application as electrical insulators in the present form because of its 

higher dielectric. 

 
Fig. 2— FT-fR spectra of the samples sintered at 1100°C for 2 h. 
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Fig. 3 - PTA curves for samples mixtures during heating. 

                                (a) 

Shrinkage and (b) water absorption of the samples sintered at different temperatures. 
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Fig. 6— SEM micrographs of the samples sintered at 1100°C for 2 h: (a) N00, (b) Gb, (c) G20 

and (d) G30. Q quartz, M = mullite, A = anorthite, P = porosity. 
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 8— (a) Dielectric constant (e’), and (b) dielectric loss 

factor (e”) versus frequency (Hz). 

 

 
Fig. 9— Dielectric loss tangent (tan ) versus frequency (Hz). 
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Fig. 10— Phase angle 8 (°) versus frequency (Hz). 

 

CONCLUSIONS 
The use of recycled waste glass powder as a fluxing agent replacing feldspar in this work led to a 

lower sintering temperature of porcelain samples, which was explained by a higher amount of fluxing 

elements compared to feldspar. XRD analyses show the formation of porcelain bodies with mullite 

and quartz phases in N00 sample, and anorthite is also found in G10, G20 and G30 samples. From 

this investigation, the possibility of preparing white porcelain from kaolin, quartz and recycled waste 

glass (for feldspar replacement) was lighted. This work demonstrated that mechanical and dielectric 

properties 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 

constant 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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