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Abstract 
Investigation of ceramic raw materials suitable for production of high 

voltage porcelain insulator have not been given much attention in Nigeria. 

The aim of this work was to evaluate the suitability of Ahoko clay, Okene 

feldspar and Zariagi quartz as locally sourced ceramic raw materials in 

Kogi State, Nigeria for the production of high voltage porcelain insulator. 

They were respectively beneficiated before the analysis. Mineralogical and 

chemical compositions of the samples were carried out using X-ray 

diffraction (XRD) and X-ray fluorescence (XRF) techniques. The XRD 

results showed sharp peaks at 2-theta = 26o, 28o and 26o for Ahoko clay, 

Okene feldspar and Zariagi quartz respectively. The XRF results showed 

that Ahoko clay contained 19.97 wt%, 66.59 wt% and 1.32 wt% alumina, 

silica and ferrite oxide contents respectively. XRF also showed major oxide 

contents in Okene feldspar as silica (SiO2) and potassium oxide (K2O) to be 

51.80 wt% and 42.0 wt% respectively; while oxide content in Zariagi quartz 

was 99.4 wt% silica (SiO2). The results showed that Ahoko clay grade only 
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met zeolite production specification while Okene feldspar and Zariagi 

quartz are suitable for porcelain insulator development. 

 

Keywords: Ceramic-raw-materials and high-voltage-porcelain-insulators. 

 

 

Introduction 
Over the years, electrical insulating 

materials are usually made from 

plastics, wood and glass. Insulating 

materials made from plastics lack 

mechanical property with low 

dielectric strength. Development of 

insulators from wood have also 

encouraged deforestation activities 

which can trigger climatic change 

effects. Insulators made from glass are 

fragile and cannot withstand 

mechanical stress. These setbacks led 

to the discovery of ceramic raw 

materials such as clay, feldspar and 

quartz as potential candidates for the 

development of electrical porcelain 

insulator (Oladiji et al., 2010; Okolo 

et al., 2016; Onaji, 2017; Yaya et al., 

2017; Nwachukwu and Lawal, 2018). 

These ceramic raw materials are 

industrial non-metallic solid minerals 

abundantly deposited all over the 

country especially in Kogi State, 

Nigeria (Kovo and Edoga, 2005; 

Abdullahi, 2006; FMST, 2010; 

MMSD, 2016 and Bamidele, 2018).  

Clay especially kaolin-clay is a white, 

claylike material composed mainly of 

kaolinite, which is a hydrated 

alumino-silicate 

(Al2O3·2SiO2·2H2O), and other 

kaolin-group minerals. It is one of the 

clay mineral types like ball clay, fire 

clay, bentonite clay, fuller’s earth 

clay, common clay and shale clay. 

Among these clays, kaolin type stands 

out as the major raw material in almost 

all ceramic products (Audu, 2016). 

Kaolin has a wide variety of industrial 

applications including chemicals, 

paper coating and filling, fiberglass 

and insulation, rubber, paint, 

refractories and ceramic materials 

(Audu, 2012).  

 Feldspar is a group of minerals 

characterized by the chemical 

composition and structural state based 

on the proportion of potassium, 

sodium, calcium and barium. 

Therefore, there are four chemically 

distinct groups of feldspar, namely 

potassium feldspar, sodium feldspar, 

calcium feldspar and barium feldspar 

which can be further classified into 

two major groups as alkaline and 

plagioclase feldspars. While sodium 
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feldspar is preferred in glass manufacture, it has been established that potassium 

feldspar is more popular in ceramic (Shakkaur et al., 2015). In the fabrication 

of ceramic material, such as porcelain insulator, feldspar serves as flux to form 

a glassy phase at low temperatures, as a source of alkalis and alumina in glazes. 

It improves the strength, toughness, translucence and durability of the ceramic 

body as it cements the crystalline phase of the other ingredients. Besides 

ceramic production, feldspar is also used in paint, mild abrasives, urethane, 

latex form and welding rod coating (Badmus et al., 2013; Shakkaur et al., 2015).

Quartz is one of the most abundant minerals in the earth’s crust. It is found in 

silica-rich igneous and metamorphic rocks, such as granites and granite 

pegmatite where large crystals may be formed (Okojie, 1987). Quartz is used in 

white-ware bodies as a filler to provide the skeletal framework to minimise 

shrinkage during firing and to enhance the mechanical strength of the fired body 

(Okolo et al., 2014). Flint pebbles are also used in ball mills if the silica lost 

from them by abrasion is not deleterious to the materials being ground. Quartz 

is a form of silica, a naturally occurring minerals that can be found in mines and 

use in the fabrication of stone and clay products. Silica is odourless and vary in 

colour. It comes from silicone after it oxidizes and helps to form most hard 

things like glass, porcelain, and concrete (Ngayakamo et al., 2018).  

Porcelain insulator is a ceramic body obtained from firing clay raw materials in 

the furnace at high temperatures ranging from 1200 to 1400 0C (Oladiji et al., 

2010; Ngayakamo et al., 2018). Its primary raw materials are clay, feldspar and 

quartz; each of these materials plays a specific role in porcelain structural 

properties. The toughness, strength and translucence of porcelain are due to the 

formation of glass and mullite phase within the fired porcelain body. While clay 

gives plasticity, feldspar lowers the melting point, influence vitrification of 

ceramic structure and quartz maintains the shape of the ceramic structure during 

firing (Carty et al., 1998; Olupot, 2006). Electrical porcelain insulators are type 

of porcelain bodies commonly used for electrical devices in power transmission 

and distribution systems due to their high dielectric strength and mechanical 

properties (Okolo et al., 2014). 

In Ghana, characterization and identification of local kaolin-clays from Assin-

Fosu and Kumasi were investigated as potential for electro-porcelain insulator 

fabrication (Yaya et al., 2017). Similarly, evaluation of Tanzania local ceramic 

raw materials for high voltage porcelain insulators production was carried out 

by Ngayakamo and Park, (2018). The fabrication of electrical insulator from 
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ceramic raw materials of Oromia region, Ethiopia was also carried out by Merga 

et al., (2019). In Nigeria, investigation of ceramic raw materials suitable for 

porcelain insulator production have not been given such much attention. Most 

of the recent scientific studies conducted in Nigeria especially on kaolin 

deposits have focused on understanding the use of kaolin as a source of material 

for the production of zeolite. Though, there was a report on the assessing the 

suitability of selected Nigeria local clays for the production of electrical 

porcelain insulator by Stan et al., (2016) and the clays were found to be 

refractory clays.  

 

Materials and methods 

The raw materials used in this research include clay, feldspar and quartz 

obtained from Ahoko, Okene and Zariagi respectively in Kogi State, Nigeria as 

shown in Figure 1. 

 

  
          (i) Ahoko clay             (ii) Okene feldspar           (iii) Zariagi quartz  

Figure 1: Pictures of Clay, Feldspar and Quartz Obtained from Kogi State, 

Nigeria. 

 

Equipment used in this work were Retsch/type BB1 jaw crusher, ball mill, mesh 

(75 μm), plastic mold, oven, furnace, weighing machine, X-ray fluorescence 

machine and X-ray diffractometer machine. The raw materials were 

beneficiated by washing and drying to remove deleterious materials. This was 

followed by crushing operation to reduce the big lumps into smaller sizes. Clay 

was soaked for at least 48 h, washed, filtered, dried, ground and sieved. Feldspar 

and quartz were calcined to weaken the covalent bonds, crushed, ground and 

sieved. Pulverising and ball milling of each material was carried out for at least 

12 h. Thereafter, each material was sent for mineralogical and chemical 

composition analysis using XRD and XRF machines respectively.  
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Results and Discussion 

The results obtained from XRD analysis are shown in Figures 1-3 for Ahoko 

clay, Okene feldspar and Zariagi quartz respectively.  

 

 
Figure 1: X-ray diffraction (XRD) pattern of Ahoko clay 

 

The XRD result confirmed that the sample comprised of kaolinite and quartz 

labelled K and Q respectively as the highest peaks shown in Figure 1. 

Theoretically, characteristic peak of kaolinite clay in XRD at low angle position 

within 2-theta = 24.8o (Audu, 2012), but Figure 1 showed the highest peak at 

position 2-theta = 26o which indicated high presence of quartz (Audu, 2012). 

The XRF results showed in Table 1, revealed that, the sample obtained from 

Ahoko was a kaolin-clay because it contained major oxides as Al2O3 and SiO2 

contents. It contained 19.97 wt%, 66.59 wt% and 1.32 wt% alumina, silica and 

ferrite oxide contents respectively. The SiO2 content was high and gave Al2O3-

SiO2 ratio to be 0.3:1. Al2O3-SiO2 ratio suitable for electrical porcelain insulator 

fabrication is between 0.8 and 0.9 to 1 (Okojie, 1987) and 0.73:1 as reported in 

the work of Yaya et al., (2017). Therefore, the high SiO2 content in Ahoko clay 

disqualified it to be good candidate for electrical porcelain insulator (Kovo and 

Edoga, 2006; Yaya et al., 2017). However, the clay could be further desilicated 

to meet requirement for electrical porcelain insulator production (Audu, 2016).  
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Figure 2: X-ray diffraction (XRD) pattern of Okene feldspar 

 

The XRD pattern of Okene feldspar sample in the 2θ range of 5-75⸰ is as shown 

in Figure 2. The characteristic peak of feldspar in XRD at low angle position 

within 2-theta is 28o, which is the highest peak. It has attributable to albite and 

microcline labelled ‘A’ and ‘M’ respectively. This confirmed that the sample 

comprised mainly microcline and albite. Microcline is a feldspathic material 

containing mainly SiO2, Al2O3 and K2O; while albite is a feldspathic material 

containing mainly SiO2, Al2O3 and Na2O (Shakkaur et al., 2015). Table 1 

further confirmed that the sample is microcline, potassium feldspar (KAlSi3O8) 

with major oxide contents SiO2, Al2O3 and K2O. Potassium feldspar is a good 

material candidate for producing electrical porcelain insulators reported in the 

work of Shakkaur et al., (2015). 

 

  

 
Figure 3: X-ray diffraction (XRD) pattern of Zariagi quartz 
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The XRD pattern of Zariagi quartz sample in the 2θ range of 5-75⸰ is as shown 

in Figure 3. The characteristic peak of quartz in XRD at low angle position 

within 2-theta is 26o, which is the highest peak as shown. It is attributable to 

quartz labelled ‘Q’. This confirmed that the sample comprised mainly quartz. 

Therefore, the XRD spectra showed that the sample identified was pure quartz, 

an excellent candidate for electrical porcelain insulator. 

 

Table 1: Chemical composition of ceramic raw materials obtained in Kogi State, 

Nigeria. 

 

 

Oxide 

Ahoko clay 

% 

Okene feldspar % Zariagi quartz  

% 

Al2O3 19.97 - - 

SiO2 66.59 51.80 99.4 

Cl2O 1.04 1.84 - 

CaO - - 0.05 

TiO2 0.10 - 0.03 

V2O5 - 0.05 - 

Cr2O3 - 0.12 0.01 

Fe2O3 1.32 0.37 0.13 

CuO 0.03 0.08 0.01 

ZnO 0.01 - - 

Rb2O 0.01 0.89 - 

SrO - 0.06 - 

ZrO2 0.03 - - 

RuO2 - 0.96 - 

In2O3 0.06 - - 

Eu2O3 0.11 0.32 0.04 

Re2O7 0.02 - - 

K2O 0.70 42.16 - 

Ga2O3 0.02 0.06 - 

As2O3 - 0.02 - 

Y2O3 0.02 - - 

CeO2 0.12 0.29 - 

IrO2 0.02 0.05 - 
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Au - 0.03 0.02 

PbO 0.02 0.09 0.02 

MnO 0.04 - 0.01 

Co3O4 - - 0.03 

GeO2 - 0.02 - 

Tb4O7 - 0.01 - 

Er2O3 - - 0.01 

WO2 - 0.22 0.18 

SeO2 - - 0.01 

Nd2O3 - - 0.01 

BiO3 - - 0.01 

LOI 10.01 0.48 0.02 

Total 100.78 99.92 99.99 

 

Furthermore, Fe2O3 content was determined to be 1.32 wt% while the 

theoretical value is less than 1.0 wt% as reported by Okojie, 1987. This 

difference might be due to iron ore deposit along Ahoko axis in Kogi State. 

High LOI, 10.01 wt% confirmed that the sample is a clay material which 

contained volatile substances. These include H2O, CO2, CHO, SO2 that bunt off 

at high temperature (1000 0C).  Other oxides were in traces and served as minor 

impurities. 

Material obtained from Okene was a potassium-feldspar with high contents of 

SiO2 and K2O to be 52 wt% and 42.32 wt% respectively. Theoretically, these 

are the major oxides associated with feldspar that is microcline mineral based 

as reported by Shakkour et al., (2015).  Other oxides associated with the sample 

were in traces and served as minor impurities. Material obtained from Zariagi 

was a silica-quartz with high content of SiO2 determined to be 99.4wt%. The 

sample was pure quartz while other oxides found were mere traces and 

insignificant to the purity of the material. 

 

Conclusions 

The potentials of Ahoko clay, Okene feldspar and Zariagi quartz in Kogi State, 

Nigeria as locally sourced ceramic raw materials for the development of 

electrical porcelain insulators were investigated. At the end of investigation, it 

was concluded that, Okene feldspar and Zariagi quartz are suitable for porcelain 
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insulator development. However, the Ahoko clay grade met zeolite production 

specification and it needs for further desilication to meet porcelain insulator 

production requirement.  
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