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          This paper reported the effect of the addition of Um Risha quartz 

alkali feldspar syenite from Egypt, which containing a high amount of 

Fe2O3 and alkali oxides mainly K2O and Na2O used as a flux material, on 

the densification properties, sinterability, crystalline phases, 

microstructure and dielectrical properties of ceramic body composed of 50 

Um Risha quartz alkali feldspar syenite, 40 clay and 10 alumina, weight % 

doped with CuO, MnO2 and ZnO used as coflux oxides with content 2, 3 

and 5 weight %. The physical properties in terms of linear shrinkage, bulk 

density, water absorption and apparent porosity of the fired ceramic 

bodies were investigated at different firing temperatures to determine their 

maturing temperatures. The addition of CuO and MnO2 reduce the 

maturing temperature but the addition of ZnO addition has not any effect 

on the maturing temperature of the fired ceramic bodies. The formed 

phases in the base sample were quartz, cristobalite, corundum, mullite at 

1100 °C. As well as Copper aluminate CuAl2O4, Manganese aluminate 

Mn2AlO4 and Zinc aluminate ZnAl2O4 were formed due to the addition of 

CuO, MnO2 and ZnO. XRD and SEM analyses were used to examine the 

development of the phases under consideration. It was observed that the 

addition of CuO, MnO2 and ZnO to the base sample increase the dielectric 

constant, dielectric loss and decrease the resistivity at frequency ranges 

from 200 Hz to 50 KHz at room temperature. 
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Introduction 

Generally, the ring complexes of 

Egypt comprise a wide of variety of 

granites, syenites, gabbros, carbonatites 

and their volcanic equivalents El Ramly 

et al. (1969b, 1970); El Ramly and 

Hussein, (1982). Um Risha ring 

complex area is a part of the Southern 

Eastern Desert of Egypt. It is located 

between latitudes 23
 o

 15
/
 and 23

 o
 20

/
 N 

and longitudes 33
 o

 15
/
 and 33

o
 20

/
 E 

(Fig. 1). It is a big structure of magmatic 

origin representing an area of about 75 

Km
2
 and is partly covered by Nubian 

sandstone which break the outcrop into 

two areas. Um Risha ring complex 

Composed mainly of alkali feldspar 

granite and quartz alkali feldspar syenite. 

Petrographically, the sample for this 

study is quartz alkali feldspar syenite. It 

composed mainly of potash feldspar, 

alkali amphibole, minor alkali pyroxene 

and minor quartz. The potash feldspar 

represented mainly by orthoclase, 

perthite and microcline, whereas the 

amphibole mainly represented by 

riebeckite and the alkai pyroxene 

represented by aegirine. 

 The most used raw materials in ceramic 

industries can be basically divided into 

three main categories: plastic 

components (clay), fluxing components 

(feldspars) and filler components (quartz, 

alumina). Many authors have 

demonstrated the possibility of a 

successful substitution of feldspars (flux) 

by natural resource rocks Ibrahim et al. 

(1981); Burat et al. (2006); 

Ryshchenko et al. (2008); Pantshi and 

Theart (2008); Salem et al. (2009) and 

Ismail et al., (2022).  

Fluxes are raw materials with a high 

amount of alkali oxides, mainly K2O and 

Na2O which reaction with silica and 

alumina, promote liquid phase formation 

that facilitates the densification. The 

liquid phase surrounds the solid particles 

and by surface tension enables the 

approach of particles, closing the 

porosity Kingery et al. (1975). The 

liquid phase fills the original porosity of 

bodies and promotes densification by 

viscous flow. Ceramic bodies are 

manufactured using large amount (40–

50 wt %) of fluxes, such as sodic and 

potassic feldspars, trachytes, nepheline 

syenite, talc as well as raw materials rich 

in sodium and potassium oxides. 

Ceramic bodies with a considerable 

amount of glassy phase having transition 

metal ions such as Ni
2+

, Cu
2+

, Zn
2+

, 

Mn
2+

, Mn
3+

, Mn
4+

, Fe
3+

, or Cr
3+

 give 

semiconductor properties Milankovic et 

al. (2001) and Abdel Aziz et al. (2010). 

The aim of the present work is to study 

the effect of the addition of 50 weight % 

of Um Risha quartz alkali feldspar 

syenite containing high amount of Fe2O3  
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and alkali oxides mainly K2O and Na2O 

as a flux material on producing ceramic 

body. Also study the effect of the 

addition of CuO, MnO2 and ZnO as 

coflux oxides on the base composition 

containing 50 weight% Um Risha quartz 

alkali feldspar syenite in the presence of 

clay and alumina to prepare 

semiconductor ceramic bodies. The 

prepared ceramic bodies were 

characterized with respect to the physical, 

electrical properties and microstructure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Map showing the location of Um Risha ring complex, Southern Eastern Desert, Egypt

 Experimental work 

The starting Egyptian raw materials are 

Abou Seberia clay from Aswan, Um 

Risha quartz alkali feldspar syenite from 

the Southern Eastern Desert of Egypt as a 

flux material and Aluminum oxide. 

Finally coflux oxides as CuO (97%), 

MnO2 (99.9%) and ZnO (99%) which 

are used as doping additives. The 

chemical analyses of the used raw 

materials are shown in Table (1).  

The studied batches are listed in Table 

(2). The pure base sample (R sample) 

consisted of 40 Abou Seberia clay, 50 

Um Risha quartz alkali feldspar syenite 

and 10 alumina, weight%.  The pure 

base sample was doped with 2, 3 and 5 

weight% CuO, MnO2 and ZnO that were 

added above the total ratio weight 

(100%) of the pure base sample 

component according to Abdel Aziz et 

al. (2010) as shown in Table (2). The 

chemical composition of the base sample (R 

sample) as pure and doped with 2, 3 and 5 

weight % CuO, MnO2 and ZnO are shown in 

Table (3). The samples were prepared 

from the fine raw materials which pass 

through 250 mesh sieve, wet mixed 

components in ball mill for 2 hrs to 

attain proper homogeneity, and dried at 
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110

o
C by electrical dryer. Discs of 16 

mm diameter and ≤ 4.8 mm thickness 

were processed by semi-dry pressing 

under a pressure of 230 Kg/cm
2
 and 

dried for 48 h at room temperature, then 

over night at 110
o
C in an electrical dryer. 

The samples were fired between 1000 

and 1150
o
C using fast firing technique, 

with a temperature interval of about 25 

o
C/min firing rate, followed by soaking 

time for 1h, then cooled down to room 

temperature in a muffle furnace 

(Carpolite, 20-900522, England). 

The physical properties of the fired 

samples were followed in terms of linear 

shrinkage, bulk density, apparent 

porosity and water absorption were 

determined according to the ASTM 

specification Nos. C 373-72, C 372-56 

and C 326–56 Anonymons, (1975). 

Crystalline phases developed in the 

vitrified bodies were determined by 

XRD technique using (X-ray 

diffractometer by Malvern Panalytical 

Empyrean device model, (2020) 

(Netherlands) with Cu-target tube and Ni 

filter at 40 KV and 30 Ma). 

Microstructure was studied by scanning 

electron microscope of the type 

Environmental Scanning Electron 

Microscope model Prisma E supported 

with Ultradry EDS. Operation analytical 

condition, Low Vacuum with 

accelerating Volt 30. BSE detector. 

Electrical properties of the vitrified 

samples are measured in terms of 

dielectric constant, dielectric loss and 

resistivity. The dielectric properties such 

as capacitance (c) and dissipation factor 

(tan δ) as well as AC resistance (R) of 

the prepared samples were measured 

using RLC Bridge of type BM 591 

(Tanta University). The experiments 

were carried out by applying an 

electromagnetic field in the frequency 

value which rises from 200 Hz up to 50 

KHz through the prepared ceramic 

samples at the room temperature. The 

vitrified samples in the form of discs 15 

mm in diameter and ≤ 4.5 mm in 

thickness were coated with silver paste 

to ensure a good contact between the 

sample surfaces and the stainless steel 

electrodes of the cell capacitor (used for 

electrical measurements). The dielectric 

constant (ε´) of the sample is calculated 

using the relation (Sindhu et al., 2002): 

(ε´)  

The dielectric loss (ε´´) of the sample 

was measured by the same bridge and 

calculated using the equation: 

 (ε´´)              ω=              

is the frequency in hertz (Hz)                    

AC electrical resistivity (ρ) (Ω.m) of the 

samples is calculated using the formula:  

ρ 

Where C is the measured capacitance of 

the sample in Pico farad (pF), d is the 

thickness of the sample in meter (m), A 
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is the cross-sectional area of the parallel 

surfaces of the sample in square meter 

(m
2
), R is the AC resistance of the 

sample in ohm (Ω) and ω is the angular 

frequency at which the measurements 

are taken. 

 

 

 

 

 

 

 

 

 

Table (1): Chemical analysis of the used raw 

materials  

Oxides 

% 

Um Risha 

quartz alkali 

feldspar 

syenite 

Abou 

Seberia 

clay 

Alumina 

SiO2 65.24 60.78 0.30 

Al2O3 15.12 26.03 99.7 

Fe2O3 4.98 1.75 0.02 

TiO2 0.82 1.58 − 

CaO 0.93 0.08 − 

MgO 0.51 0.26 − 

K2O 4.37 0.55 − 

Na2O 7.06 0.12 0.04 

P2O5 0.21 0.06 − 

MnO 0.26 − − 

SO3 0.09 0.73 − 

L.O.I 0.65 7.88 0.16 

Total 100.24 99.82 100.22 

Table (2): Batch composition of R sample as pure and doped with 2, 3 and 5 weight % CuO, MnO2 and ZnO

Table (3): Chemical composition of R sample as pure and doped with 2, 3 and 5 weight % CuO, MnO2 and ZnO 

 

 

 

 

Doping additives 
Alumina 

Um Risha quartz alkali 

feldspar syenite 

Abou Seberia   

clay 

Batch 

symbol ZnO MnO2 CuO 

− 

− 

− 

− 

− 

− 

− 

2 

3 

5 

− 

− 

− 

− 

2 

3 

5 

− 

− 

− 

− 

2 

3 

5 

− 

− 

− 

− 

− 

− 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

R 

RCu2 

RCu3 

RCu5 

RMn2 

RMn3 

RMn5 

RZn2 

RZn3 

RZn5 

Batch 

symbol 

 

SiO2 

 

 

Al2O3 

 

 

Fe2O3 

 

 

TiO2 

 

 

CaO 

 

MgO 

 

K2O 

 

 

Na2O 

 

 

P2O5 

 

MnO 

 

So3 

additives Doping Total 

flux 

oxides 
CuO MnO2 ZnO 

R 59.25 28.90 3.27 1.1 0.50 0.37 2.44 3.61 0.13 0.13 0.36 - - - 11.55 

RCu2 59.25 28.90 3.27 1.1 0.50 0.37 2.44 3.61 0.13 0.13 0.36 1.94 - - 13.49 

RCu3 59.25 28.90 3.27 1.1 0.50 0.37 2.44 3.61 0.13 0.13 0.36 2.91 - - 14.46 

RCu5 59.25 28.90 3.27 1.1 0.50 0.37 2.44 3.61 0.13 0.13 0.36 4.85 - - 16.40 

RMn2 59.25 28.90 3.27 1.1 0.50 0.37 2.44 3.61 0.13 0.13 0.36 - 1.99 - 13.54 

RMn3 59.25 28.90 3.27 1.1 0.50 0.37 2.44 3.61 0.13 0.13 0.36 - 2.98 - 14.53 

RMn5 59.25 28.90 3.27 1.1 0.50 0.37 2.44 3.61 0.13 0.13 0.36 - 4.97 - 16.52 

RZn2 59.25 28.90 3.27 1.1 0.50 0.37 2.44 3.61 0.13 0.13 0.36 - - 1.98 13.53 

RZn3 59.25 28.90 3.27 1.1 0.50 0.37 2.44 3.61 0.13 0.13 0.36 - - 2.97 14.52 

RZn5 59.25 28.90 3.27 1.1 0.50 0.37 2.44 3.61 0.13 0.13 0.36 - - 4.95 16.50 
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RESULTS AND DISCUSSION 

The physical properties in terms of linear 

shrinkage, bulk density, apparent 

porosity and apparent porosity of 

different mixes fired between 1000 to 

1150°C are shown in Figs. (2, 3 & 4).  

The base sample (R sample) fired at 

1100°C for 1h, shows linear shrinkage 

value of 8.50%, bulk density value of 

2.58 g/cm
3
, water absorption value of 

`0.05 and apparent porosity value of 

0.13%. The bulk density of R sample 

increased with increasing the firing 

temperature up to 1100
o
C, may be due to 

the crystallization of primary mullite. 

The water absorption and apparent 

porosity decreased because of the effect 

of developed liquid phase in closing the 

open pore structure. The liquid phase 

was formed from the melting of Um 

Risha quartz alkali feldspar syenite and 

increased with the increasing the firing 

temperature Iqbal, (2008).  

 RCu2, RCu3 and RCu5 bodies fired at 

1050, 1050 and 1025°C for 1h show 

linear shrinkage values of 7.90, 7.41 and 

7.41%, as well as giving bulk density 

values of 2.60, 2.58 and 2.57 g/cm
3
, 

respectively. Additionally, their apparent 

porosity and water absorption were 

zero % as shown in Fig. 2(A, B, C & D) 

and Table (4). 

RMn2, RMn3 and RMn5 bodies fired at 

1075, 1075 and 1050°C for 1h, show 

linear shrinkage values of 7.65 ,7.04 and 

7.41%, and giving bulk density values of 

2.56, 2.53 and 2.59 g/cm
3
, respectively. 

As well as apparent porosity and water 

absorption for RMn2, RMn3 bodies 

were zero and for RMn5 body were 0.15 

and 0.39 %, respectively as shown in Fig. 

3(A, B, C & D) and Table (4). 

 RZn2, RZn3 and RZn5 bodies fired at 

1100°C for 1h, show linear shrinkage 

value of 7.65, 7.76 and 7.64% and giving 

bulk density values of 2.60, 2.60 and 

2.61 g/cm
3
 also show apparent porosity 

value of 0.26, 0.39 and 0.13 % and show 

water absorption value of 0.10, 0.15 and 

0.05 %, respectively as shown in Fig. 4 

(A, B, C & D) and Table (4). 

 The addition of CuO to R sample 

reduced the maturing temperature by 

about 50°C for RCu2 and RCu3 bodies 

and by about 75°C for the body RCu5. 

The addition of MnO2 to R sample 

reduced the maturing temperature by 

about 25°C for the samples RMn2 and 

RMn3 and by about 50°C for RMn5 

sample. The addition of 2, 3 and 5 

weight % ZnO to R sample did not cause 

any change in the maturing temperature 

of RZn2, RZn3 and RZn5 bodies. The 

addition of CuO, MnO2 and ZnO to the 

base sample (R sample) favoured the 

crystallization of copper aluminate, 

manganese aluminate and zinc aluminate 

phases, respectively that improved the 

densification of the ceramic bodies 

produced. The bulk density of the 
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samples doped with ZnO increased when 

fired at 1100°C. The results agreed with 

Sadek et al. (2023) who reported that 

the bulk density of TiO2–ZnAl2O4 spinel 

ceramic bodies increase with increase 

the firing temperature. The effect of Um 

Risha quartz alkali feldspar syenite 

containing a mixture of fluxing oxides 

(11.55 – 16.50 %) such as CaO, Fe2O3, 

Na2O and K2O beside of the added CuO, 

MnO2 and ZnO lead to the development 

of a considerable amount of low 

viscosity glassy phase which caused a 

reduce the amount of porosity. Harms, 

(1978); Abdel Aziz et al. (2010) and 

Abdel Aziz et al. (2015) also reported 

similar behaviour of alkaline earth 

oxides in closed the open pores in a 

porcelain body.  

      

Table (4): Physical properties of the vitrified R sample as pure and doped with CuO, MnO2 and ZnO 

Sample 

symbol 

Maturing  

  Temperatures (
◦
C/1h) 

Linear  

Shrinkage (%) 

  

 

Bulk density 

 (g/cm
3
) 

Water 

absorption (%) 

 

Apparent 

porosity (%) 

 
R 1100 8.50 2.58 `0.05 0.13 

RCu2 1050 7.90 2.60 0 0 

RCu3 1050 7.41 2.58 0 0 

RCu5 1025 7.41 2.57 0 0 

RMn2 1075 7.65 2.56 0 0 

RMn3 1075 7.04 2.53 0 0 

RMn5 1050 7.41 2.59 0.15 0.39 

RZn2 1100 7.65 2.60 0.10 0.26 

RZn3 1100 7.76 2.60 0.15 0.39 

RZn5 1100 7.64 2.61 0.05 0.13 

 

  

 

 

Fig. (2): Physical properties of R sample as pure and doped with 2, 3 and 5 weight % CuO at 

different sintered temperatures. (A) linear shrinkage, (B) Bulk density, (C)Water absorption, 

(D)Apparent porosity. 
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Fig. (3): Physical properties of R sample as pure and doped with 2, 3 and 5 weight % MnO2 at 

different sintered temperatures. (A) linear shrinkage, (B) Bulk density, (C)Water absorption, 

(D)Apparent porosity. 

  

  

Fig. (4): Physical properties of R sample as pure and doped with 2, 3 and 5 weight %  ZnO at 

different sintered temperatures. (A) linear shrinkage, (B) Bulk density, (C)Water absorption, 

(D)Apparent porosity. 
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X- Ray Diffraction analysis (XRD) 

XRD analysis of the raw material 

Figure (5A) shows the XRD pattern of 

Um Risha quartz alkali feldspar syenite 

which composed mainly of microcline, 

feriferous orthoclase, anorthoclase, 

albite, aegirine, riebeckite-arfedsonite 

and quartz. Figure (5B) shows the XRD 

patter of Abou Seberia clay which 

composed mainly of kaolinite and 

quartz. Figure (5C) shows the XRD 

pattern of alumina which composed 

mainly of corundum. 

XRD analysis of the vitrified R sample 

as pure and doped with 2, 3 and 5 

weight% CuO, MnO2 and ZnO 

The XRD pattern of R sample fired at 

1100C for 1h showed development of 

crystalline phases as quartz at 2θ 26.64, 

corundum at 2θ 35.15, trace mullite and 

minor amount of cristobalite at 2θ 21.41 

as shown in Fig. (6). The standard peak 

of mullite phase at 2θ =16.34 was 

difficult to detect may be due to the 

volume fraction and extremely small size, 

this result is agreement with the results 

which concluded by Dana et al. (2004); 

Hojamberdiev et al. (2011) and Abdel 

Aziz et al. (2015). As well as the peak at 

2θ =27.49 refers to microcline mineral.  

Figure (6A) shows the XRD patterns of 

RCu2, RCu3 and RCu5 bodies fired at 

1050,1050 and 1025°C, respectively. It 

is clear that the addition of CuO 

favoured the crystallization of spinel 

phase (copper aluminate) CuAl2O4 

which detected at 2θ 36.87 and may be 

formed by the interaction between the 

CuO and Al2O3. Figure (6B) shows the 

XRD patterns of RMn2, RMn3 and 

RMn5 samples fired at 1075,1075 and 

1050 °C, respectively. It is clear that the 

addition of MnO2 favoured the 

crystallization of manganese aluminate 

phase Mn2AlO4 which detected at 2θ 

35.52, and may be formed by the 

interaction between the MnO2 and Al2O3.  

Figure (6C) shows the XRD patterns for 

RZn2, RZn3 and RZn5 samples fired at 

1100°C. It is clear that the addition of 

ZnO favoured the crystallization of 

gahnite phase (Zinc aluminate) ZnAl2O4 

which detected at 2θ =36.77 and may be 

developed by the interaction between 

ZnO and Al2O3.The intensity of peaks 

for copper aluminate, manganese 

aluminate and zinc aluminate phase 

increased with increasing CuO, MnO2 

and ZnO addition, respectively and they 

were corresponding to decrease in the 

intensity of peaks related to corundum 

and mullite as shown in Fig. 6(A, B & 

C). Um Risha quartz alkali feldspar 

syenite favoured the dissolution of 

primary mullite formed from clay in 

glassy phase rich in silica. The presence 

of CaO and Fe2O3 caused the conversion 

of free quartz into cristobalite. The result 

is compatible with the results that were 
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 reported by lee et al. (2005); Abdel Aziz 

et al. (2010); El-Mehalawy et al. (2018) 

and Sadek et al. (2023).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5): XRD patterns of (A) Um Risha quartz alkali feldspar syenite, (B) Abou Seberia clay and 

(C) Alumina. 
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Fig. (6): XRD patterns of the vitrified R sample as pure and doped with 2, 3 and 5 weight % (A) 

CuO, (B) MnO2 and (C) ZnO. 
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Microstructure 

Scanning electron microscope (SEM) 

examine the morphology of different 

phases as shown in Fig. 7(A, B, C & D). 

Scanning micrograph for R sample fired 

at 1100
o
C shows a several interfering 

different size and morphology of 

crystalline phases immersed in a glassy 

matrix with dense and very low porosity 

textures. Overall microstructure of 

vitrified R sample shows the presence of 

quartz grains, euhedral prismatic 

alumina crystal and scattered alumina 

grains. Very small primary mullite 

crystals grown beside or near the edges 

of the quartz grains as well as 

cristobalite grains almost uniformly 

distributed in glassy matrix as shown in 

Fig. (7A). The small mullite crystals 

were possibly crystallized from kaolinite 

relict. Some of quartz phase seems to be 

converted to cristobalite phase under the 

effect of Fe2O3 and CaO (Abdel Aziz et 

al., 2015). 

The SEM of RCu5, RMn2 and RZn5 

body fired at 1025, 1050 and 1100
o
C 

showed the crystallization of copper 

aluminate, manganese aluminate and 

zinc aluminate phase, respectively 

occurring in Rosita shape. Additionally 

interfering of crystalline phases of quartz, 

corundum, traces of primary mullite and 

minor amount of cristobalite grains. The 

phases under consideration immersed in 

the glassy matrix as shown in Fig.7 (B, 

C & D). 

EDX analysis for the vitrified R, RCu5, 

RMn2 and RZn5 bodies was performed 

to confirm the formation of quartz, 

corundum, mullite, cristobalite phases. 

Additionally, confirm the crystallization 

of copper aluminate in RCu5 body, 

manganese aluminate RMn5 body  and 

zinc aluminate in RZnO  as shown in Fig. 

8(A, B, C & D). These results agreed 

with the XRD patterns as seen in Fig. 6 

(A, B, C & D).  

Electrical properties 

The electric properties as dielectric 

constant, dielectric loss and ac resistivity 

(ρ) of R sample as pure and doped with 2, 

3 & 5 weight % CuO, MnO2 and ZnO, 

are represented in Figs. 9(A, B & C), 

10(A, B & C) and 11(A, B & C), 

depending on the rise in the frequency 

value from 200 Hz up to 50 KHz at the 

room temperature. 

Dielectric properties for the base sample 

R fired at 1100
o
C for 1h, depending on 

the rise in the frequency value from 200 

Hz up to 50 KHz at the room 

temperature showed decreasing in the 

dielectric constant from 3160.62 to 

200.002 and decreasing in dielectric loss 

from 1.654 to 0.279. As well as the 

resistivity decreased from 445.304 to 

4.477 Ω.m as shown in Fig. 9(A, B & C). 

Dielectric properties of RCu2, RCu3 and 

RCu5 bodies fired at 1050, 1050 and 
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1025
o
C for 1h gave dielectric constant 

values of 3563, 3883.14 and 3522.24 at 

the frequency 200 Hz, and gave values 

of 217.14, 216.207 and 237.585 at the 

frequency 50 KHz. The dielectric loss 

gave values of 1.683, 1.994 and 1.934 at 

frequency 200 Hz and gave values of 

0.329, 0.309 and 0.319 at frequency 50 

KHz. The resistivity gave values of 

415.13, 433.548 and 457.712 Ω.m at 

frequency 200 Hz,and gave values of 

4.848 ,4.59 and 4.382 Ω.m at frequency 

50 KHz, respectively as shown in Fig. 

9(A, B & C).  

Dielectric properties RMn2, RMn3 and 

RMn5 bodies fired at 1075, 1075 and 

1050
o
C for 1h, gave dielectric constant 

values of 4679.1, 4307.43 and 4261.32 

at frequency 200 Hz, and gave values of 

214.57, 216.333 and 215.668 at the 

frequency 50 KHz. The dielectric loss 

gave values of 2.22, 1.824 & 1.97 at 200 

Hz and gave values of 0.338, 0.349 and 

0.349 at frequency 50 KHz. The 

resistivity gave values of 403, 341.252 

and 373.949 Ω.m at frequency 200 Hz, 

and gave values of 5.041, 5.085 and 

5.182 Ω.m at frequency 50 KHz, 

respectively as shown in Fig. 10(A, B & 

C). Dielectric properties of RZn2, RZn3 

and RZn5 bodies fired at 1100
o
C for 1h, 

gave dielectric constant values of 4512.9, 

4017.54 and 3185.13 at the frequency 

200 Hz, and gave values of 227.71, 

218.204 and 218.854 at the frequency 50 

KHz. The dielectric loss of the RZn2, 

RZn3 and RZn5 bodies gave values of 

2.089, 2.209 and 1.856 at 200 Hz and 

gave values of 0.359, 0.336 and 0.344 at 

frequency 50 KHz. The resistivity gave 

values of 373.38, 426.119 and 460.483 

Ω.m at frequency 200 Hz and gave 

values of 5.014, 4.943 and 5.096 Ω.m at 

frequency 50 KHz, respectively as 

shown in Fig. 11(A, B & C).  

XRD of the samples showed different 

crystalline phase that immersed in glassy 

phase as shown in Fig. 6(A, B & C) and 

SEM 7(A, B, C & D). Moulson and 

Herbert, (2003) reported that the high 

values in the permittivity for the samples 

may be due to the accumulation of the 

charges at the internal boundaries of 

these phases. Um Risha quartz alkali 

feldspar syenite developed a 

considerable amount of low viscosity 

glassy phase in all the vitrified samples. 

As a result, mobility of dipoles could be 

increased leads to improve the dielectric 

constant of the all bodies. Charge 

carriers (ions, electrons and holes) and 

electrical dipole moments move easily in 

glassy phases than crystalline phase 

causing the increase of polarization so 

the dielectric constant increased. The 

high dielectric constant for the samples 

doped with CuO, MnO2 and ZnO 

corresponding to the low resistivity. 

The increasing in the dielectric constant 

of the sample doped with 2 weight % 
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 CuO, MnO2 and ZnO compared with R 

sample. This is attributed to the effect of 

glassy phase containing Cu
+2

, Mn
4+

 and 

Zn
+2

 ions which they have a conductive 

property liu et al.(2011) and Valladares 

et al. (2012). The decreasing in the 

dielectric constant of the samples doped 

with 5 weight % CuO, MnO2 & ZnO   

attributed to the crystallization of copper 

aluminate, manganese aluminate and 

zinc aluminate phase which become 

predominant that resist and cause 

difficulty in the movement of the charge 

carries and led to decrease the internal 

polarization and decrease the dielectric 

constant and increase the insulating 

properties of the sample. The result is 

consistent with the findings of Sallam et 

al. (2001) who found that gahnite phase 

increased in the volume resistivity. 

Additionally, it aligns with the results 

obtained by Abdel Aziz et al. (2010), 

who found that the crystallization of 

gahnite phase increased the insulation 

properties.  

The prepared sample at low frequency 

showed the maximum dielectric constant, 

this is attributed to the increase of the 

mobility of charge carrier leading to the 

increase of the polarization and so the 

dielectric permittivity. At high frequency 

the charge carrier mobility cannot follow 

the high frequency changes and it lags 

behind the frequency of the external 

electric field leading to the decrease of 

polarization and dielectric constant.

  

  

Fig. (7): SEM of (A) R sample sintered at 1100 
o
C, (B) RCu5 sample sintered at 1025 

o
C, (C) 

RMn5 sample sintered at 1050 
o
C and (D) RZn5 sample sintered at 1100 

o
C. 
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Fig. (8): EDX analysis of (A) R sample sintered at 1100 
o
C, (B) RCu5 sample sintered at 1025 

o
C, 

(C) RMn5 sample sintered at 1050 
o
C and (D) RZn5 sample sintered at 1100 

o
C . 
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Fig. (9): Electrical properties of the vitrified R sample as pure and doped with 2, 3 and 5 

weight % CuO, (A) Dielectric constant, (B) Dielectric loss, (C) Resistivity. 

 
 

Fig. (10): Electrical properties of the vitrified R sample as pure and doped with 2, 3 and 5 

weight % MnO2, (A) Dielectric constant, (B) Dielectric loss, (C) Resistivity. 
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Fig. (11): Electrical properties of the vitrified R sample as pure and doped with 2, 3 and 5 

weight % ZnO, (A) Dielectric constant, (B) Dielectric loss, (C) Resistivity. 

Conclusion 

The addition of the coflux oxides (CuO, 

MnO2& ZnO) as doping additives to the 

pure base sample which composed of 50 

Um Risha quartz alkali feldspar syenite, 

40 Abou Seberia clay and 10 alumina, 

weight % resulted in producing ceramic 

bodies with semiconductor properties 

which is employed in capacitor 

fabrication. The other finding is 

lowering of the maturing temperature by 

25 - 75
o
C in the samples that doped with 

CuO and MnO2 which considered an 

important aim in the purpose of saving 

energy. 
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 الخٌاص العسليو ًالتركيب الذقيق للأجسام السيراهيكيو الوحتٌيو علي سيانيت أم ريشو ًالوشٌبو بالوصيرات الحفازه

صلاح عبذالغني عبيذ /الباحث
1

ا.د إبراىين عبالناجي سالن ،
1
ا.د دعاء عبذالنبي عبذالعسيس، 

2
ا.د هحوذ هتٌلي أبٌعنبر ،

1
 ، 

ا.د هبارك حساني علي 
3
ذ حويذها.د أساهو هحو ، 

4
د.بسنت إبراىين سالن ، 

4
 

1
 جبيعت طُطب -كهیت انعهٕو  -لسى انجیٕنٕجیب  
2

 انًشكض انمٕيي نهبحٕد -لسى انسیشايیك 
3

 جبيعّ يذيُت انسبداث -يعٓذ انذساسبث ٔانبحٕد انبیئیّ 
4

 جبيعت طُطب -كهیت انعهٕو  -لسى انفیضيبء 

23خطي عشع  حمع يُطمت او سيشّ في جُٕة انظحشاء انششلیّ يب بیٍ
ِ

 15
/

  -  23
ِ

 22
/

33ٔخطي طٕل   
ِ
 

15
/
 - 33

ِ
 22

/
 انسیبَیج .ٔ. يُطمت أو سيشّ  يٍ انًعمذاث انحهمیّ ٔحخكٌٕ يعظًٓب يٍ طخٕس انجشاَیج  

% يٍ أكسیذ 4,33% يٍ أكسیذ انحذيذ ٔعهي4,89يخُبٔل ْزا انبحذ دساست إػبفت  سیبَیج أو سيشّ  انًحخٕي عهي  

% 52% عهي أكسیذ انظٕديٕو كًبدِ طٓبسِ نخكٕيٍ جسى سیشايیكي بخهطّ أسبسیّ حخكٌٕ  3,26انبٕحبسیٕو ٔعهي 

% اكسیذ انٕيُیٕو . كًب حى إػبفت انًظٓشاث انحفبصِ  يزم أكسیذ انُحبط 12،% طفهت أبٕسبیش42ِ ،سیبَیج أو سيشّ

عهي أجسبو سیشايیكیّ راث هحظٕل ن %  إني انخهطّ الأسبسی5ّ-2أكسیذ انضَك بُسبت  -رخبئي أكسیذ انًُجُیض –

انخظبئض انطبیعیّ ٔانكٓشبیّ انًًیضِ بخظبئض أشببِ انًٕاطلاث انخي يًكٍ اسخخذايٓب نعًم انًكزفبث ٔرنك 

 بإسخخذاو سیبَیج أو سيشّ ٔالأكبسیذ انًظٓشِ انحفبصِ انًخخبسِ.

 نخحمیك انٓذف يٍ انذساسّ حى إسخخذاو انطشق انًعًهیّ الأحیّ:

نهعُبطش انشبئعّ نسیبَیج يُطمت أو سيشّ ٔطفهت أبٕسبیشِ ٔأكسیذ الانٕيُیٕو ٔإسخخذاو الأشعت   انخحهیم انكیًیبئي (1

 .انسیُیّ نذساست انًعبدٌ انًٕجٕدِ ببنخبيبث الأٔنیّ انًسخخذيّ في عًم انخهطّ الأسبسیّ

انحفبصِ %  يٍ انًظٓبساث 5-2بإػبفت   خهطبث عببسِ عٍ انخهطّ الأسبسیّ بذٌٔ إػبفت أٔ 12حجٓیض  (2

كجى/سى 232انًخخبسِ . حى طحٍ ْزِ انخهطبث نًذة سبعخیٍ ٔحجفیفٓب  ٔكبسٓب  ححج ػغط 
2

عهي شكم ألشاص راث  

في يجفف كٓشببئي  ٔػعٓب سبعّ رى 49حجفیف  انعیُبث بعذ كبسٓب في انٕٓاء نًذة  ٔيى . 4.9 ≥يى ٔسًك   16لطش

112عُذ دسجت 
ِ

1152اني  1222حى حشق ْزِ انعیُبث يب بیٍ ٔسبعّ  24و نًذة 
ِ

 .و نًذة سبعت

دساست انخٕاص انفیضيبئیّ يزم الإَكًبش انطٕني ٔانكزبفّ انُٕعیّ ٔإيخظبص انًبء ٔانًسبيیّ انظبْشيّ نهعیُبث  (3

انًحشٔلّ عُذ دسجبث انحشاسِ انًخخهفّ ٔرنك نخعییٍ دسجت حشاسة انُؼج. ٔيٍ انُخبئج احؼح أٌ دسجت حشاسة 

1122
ِ

% يٍ أكسیذ انُحبط ٔربَي أكسیذ انًُجُیض  5-2و ْي دسجت حشاسة انُؼج نهخهطّ الأسبسیّ . أيب عُذ إػبفت 

 35- 25نهخهطّ الأسبسیّ َخج عُّ خفغ في دسجت حشاسة انُؼج بحٕاني 
ِ

و ٔنى يحذد أي حغیش في دسجت حشاسة 

 انُؼج عُذ إػبفت أكسیذ انضَك.
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خهطبث( عُذ دسجبث حشاسة انُؼح بإسخخذاو  12ًخكَّٕ  في انخهطبث انًحشٔلّ )دساست الاطٕاس انبههٕسيّ ان  (4

ٔأٔػحج انُخبئج حكٌٕ اطٕاس بهٕسيّ يٍ انكٕاسحض ٔانكٕساَذو يع لهیم يٍ يعذٌ انًٕنیج  الأشعّ انسیُیّ.

اني حكٕيٍ طٕس ٔانكشسخٕببنیج ببلإػبفّ حٕاجذ يعذٌ انًیكشٔكهیٍ. أيب عُذ إػبفت الاكبسیذ انًظٓشِ انحفبصِ أدي 

 بههٕسي جذيذ ْٕٔ الاسبُیم ببلاػبفّ اني الاطٕاس انبههٕيّ انًزكٕسِ في انخهطّ الاسبسیّ.

 إسخخذاو انًیكشٔسكٕة انًبسح  نخحذيذ الأطٕاس انًخبهٕسِ نهخهطبث انًحشٔلّ عُذ دسجبث دسجت حشاسة انُؼج. (5

ْیشحض  52222 – 222مبٔيّ انُٕعیّ انًمبسّ يببیٍ ححذيذ انخظبئض انكٓشبیّ يزم رببج انعضل ٔفبلذ انعضل ٔانً (6

في دسجت حشاسِ انغشفّ  نلاجسبو انسیشايیكیّ عُذ دسجبث حشاسة انُؼج . يٍ انمیبسبث انكٓشبیّ حى انحظٕل عهي 

َخبئج يخمبسبّ سٕاء بإػبفّ أبذٌٔ إػبفت الأكبسیذ انًظٓشِ انحفبصِ  يع يلاحظت اَخفبع رببج انعضل بضيبدِ 

% ٔيعضٖ رنك  انضيبدة في حكٌٕ يعذٌ الاسبُیم يع صيبدِ َسبت اػبفت  5إني  2ت الاكبسیذ انًظٓشِ يٍ  َسبت إػبف

فبصِ. ْٔزِ انُخبئج حعضي اني إسخخذاو ْزِ الأجسبو انسیشيیكیّ يحم انذساسّ كأشببِ حالاكبسیذ انًظٓشِ ان

 انًكزفبث. يٕاطلاث ٔانخي يًكٍ الاسخفبدِ في عًم

 

 


