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Abstract

Ceramic products produced depend not only on the over-all chemical composition but also on the individual
compositions, its crystalline structures and particles sizes of the raw materials. It has also been revealed that
the appropriateness of particle size of materials used and the crystalline formation is much desired in the
production of high strength electrical porcelain insulator. There is virtually no study conducted locally in
Nigeria reviewed by the author at the point of compiling this study gave credence to particle sizes of materials
as a considerable factor in producing their porcelain insulator. However, the dielectric and mechanical
properties of the electrical porcelain insulators produced still need to be improved upon in order to produce
high strength electrical porcelain insulators. The study therefore experiments by varying particle sizes 75um,
150um, and 300um at developing electrical porcelain insulator with quality mechanical and dielectric strength
using locally sourced raw materials. The raw materials were mixed by adopting two varied formulations from
previous study, while slip cast techniques was employed in producing test samples sintered at 12000C at the
rate of 5 oC per minute. The physio-mechanical properties and dielectric strength of the samples were carried
out in accordance to American Standard for Testing and Materials (ASTM) C20-00, and ATSM D116
standards. Sample A1S of 75 um particle size is the most acceptable of all the sample that met the required
physio-mechanical and dielectric strength properties. However, this study suggests that 150um particle sizes
as a starting powder for production of electrical porcelain Insulator could also be used since its cost of
processing is not much unlike 75 um particle size and could easily be achieved locally in Nigeria.
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1. Introduction

Insulator is one of the electrical safety components designed to curtail the flow of electrical charges in
electric motor, appliances and devices that provide lights in the homes. The need to prevent dangerous effect
of electricity flowing through a conductor requires a non- conductor such as insulators. An insulator contains
no movable electric charges and when a voltage is passed through it, does not conduct electricity. It is
extensively used in grid extension. The International Energy Agency (IEA) reported that more than 1 billion
individuals stayed without access to power in 2014, of which the greater part were in India, Nigeria, Ethiopia,
Demaocratic Republic of Congo and, Bangladesh[1].Without insulator, it is difficult for household, industries
and all other power consumption outlets to connect to the national grid.

Insulator produced from ceramic materials is referred to as porcelain insulator. It is a vitrified fine grained
ceramic whiteware body which can either be glazed or unglazed. It is composed basically of clay which gives
plasticity to the mixture in order to make it workable; feldspar acts as fluxing agent at lowering the melting
point of the mixture during heating and silica helps to maintain the shape of the formed article during firing.
These three constituents that is clay, feldspar and silica, place electrical porcelain insulator in a phase system
in term of oxide constituent when bisque - fired at 1200 oC [2,4].

According to Singer and Singer (1963), ceramic products produced depend not only on the over-all
chemical composition but also on the individual compositions, its crystalline structures and particles sizes of
the raw materials. It is also often influenced considerably by minor impurities which make it very difficult to
make quantitative predictions about the optimum composition firing schedule for a desired product. It is also
revealed in [3] that the appropriateness of particle size of materials used and the crystalline formation is much
desired in the production of high strength electrical porcelain insulator. Asides [4,5], no other study reviewed
by the author at the point of compiling this study gave credence to particle sizes of materials as a considerable
factor in producing their porcelain insulator. It is noted in [6] that particle sizes affects fluidity, strength,
plasticity, colour, abrasiveness and ease of dispersion of the kaolinite content suitable for production of
porcelain insulator which is one of critical factors that can contribute to high strength of electrical porcelain.

The raw materials used to prepare porcelain bodies play a vital role in the ultimate product quality. It is an
understatement to say that ceramic materials are not abundantly available in Nigeria. Studies reviewed show
that there are abundant sources of materials for the production of electrical porcelain insulators in Nigeria.
Some existing studies like [2, 3, 7] among others have exploited porcelain raw materials from various
locations within Nigeria for the production of porcelain products. These studies have given insight to best
materials locations and proved the abundance of such materials in Nigeria. Without evidence of doubt, this
study agrees with other studies on mineral exploration in Nigeria that porcelain raw materials are readily
available. Thus, locally available materials were optimally utilized in the course of this study with a view of
providing source of information on available materials and its viability for prospecting porcelain insulator
production industries with regard to local content maximization using locally available materials from Edo
State, Nigeria.

To this end, this study investigates the effect of particle size, using slip casting techniques to produce
electrical porcelain insulator with a good mechanical and electrical properties, with the objective of utilizing
locally sourced materials from Edo State, Nigeria for production of porcelain insulator. Thus, assesses the
quality of locally available ceramic raw materials in Edo state, Nigeria, and explores the effect of starting
particle size of the materials that enhance the mechanical and electrical properties of electrical porcelain
insulator.

2. Summary of Related Literature
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The quest to improve the dielectric and mechanical strength of electrical porcelain produced locally was
the major focus of this study. The production of ceramic products depends not only on the over-all chemical
composition but also on the individual compositions, crystalline structures and particles sizes of the raw
materials [8]. The material composition, crystalline structure, mode of production and particle size
distribution have been considered in producing electrical Porcelain insulator due to their attributes in order to
achieve desired dielectric and mechanical properties. Asides [5] and [3], no other study reviewed gave
credence to particle sizes of materials as a considerable factor in producing their porcelain insulator. [7] noted
that particle sizes affect fluidity, strength, plasticity, colour, abrasiveness and ease of dispersion of the
kaolinite content suitable for production of porcelain insulator which is one of critical factors that can
contribute to high strength of electrical porcelain.

Many studies have confirmed the abundance of raw materials in Nigeria. [9 — 12] gave the estimated
deposit amount of ceramic raw materials that are available in Nigeria to be in millions of metrics tonnes.
However, most of these raw materials are underutilized and the country is still much dependent on foreign
electrical porcelain insulators among other ceramic products that can be produced locally. It is ironical that
Ceramic products take the bulk share of imported goods in a country that is highly blessed with abundant raw
materials that remain largely untapped. [13] remarked that if indigenous technology could be developed, it
can boost the GDP of the nation through the utilization of these available local raw materials to produce
standard electrical porcelain insulators both for local use and exportation. This study attempts to produce
porcelain insulator of high dielectric and mechanical strength that could compete with imported insulators.

3. Materials and Experimental Procedures
3.1 Raw Materials

The materials sourced include: kaolin, feldspar, quartz and ball clay from Edo State in Nigeria. Feldspar
and flint were sourced in Okpella while kaolin and ball clay were also sourced in Afowa both from Edo State,
Nigeria. Sodium silicate which was used as deflocculating agent was purchased from Prime Standard and
Chemical project Ltd, Ighesa road Ogun State, Nigeria; while the Plaster of Paris (P.O.P) for taking the mould
was purchased in the market in Akure, Ondo State. Ball clay and Kaolin excavated were in lump form; this
necessitated breaking the raw materials into smaller pieces before soaking using a sledge hammer in other to
lessen the time taken for the materials to properly soaked before sieving the materials to remove impurities
that were present.

The refined materials were further processed by using an Endecott test sieve shaker (Series number
11381) with set of Tyler sieves of British Standard to achieve 75um, 150um, and 300pm particle sizes present
in the material. The materials were sifted into three various particle sizes; Particle sizes that passed through
sieve aperture 75um were considered as 75um particle sizes, while particle sizes that passed through 150um,
and 300um were considered as 150um, and 300um particle sizes respectively.

3.2 Sample Preparation

Two different compositions were adopted from previous studies of [14] and [3] as shown in Table 1,
while compositions were prepared in three varying particle sizes of 75um, 150um, and 300um in batches, in
other to study the resultant effect on the mechanical and dielectric properties of porcelain insulator produced.
Weighing balance was used in weighing the different batch compositions in respect to the particle size before
it was formed using slip-cast technique. The detailed derivatives of porcelain insulator samples produced are
shown in Table 2; six batch compositions were prepared, of which five replicates of each composition
samples were produced and 30 samples were produced in all.
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Table 1. Adopted Sample Compositions

Kaolin Clay Feldspar Quartz percentage
(%) (%) (%) (%)
Composition A 30 15 30 25 100
[14]
Composition B 33 15 32 20 100

[3]

Table 2. Detailed derivative of Porcelain Insulator samples Produced

Particle sizes 75um 150pum 300pm
Compositions

Composition A A:S A,S AsS
Composition B B;S B,S B3S

*Note: A = Olupot Porcelain Body Compositions
B = Oladiji et.al. Porcelain Body Compositions
1=75um 2 = 150um 3 = 300um

S = Slip cast (Solid) method

Polyvinyl plastic pipe which was dimensioned to 35mm x 25mm was used as model and the mould was
produced using Plaster of Paris (P.O.P). Five pieces of polyvinyl plastic pipe dimensioned to 35mm x 25mm
were set on a platform and a three-piece mould was produced for easy de-moulding of samples. The mould
was further left to dry for 4weeks before it was being used for casting.

Samples produced were first dried in the oven for 2 hours at 2000C after they have been air dried for
one week, before they were heat treated and sintered in a furnace (XD — 1700M) to 12000C at the rate of 5 oC
per minute, after which they were slowly cooled to room temperature to avoid thermal shock. Later, the
physio-mechanical properties such as shrinkage, porosity, water absorption and density of the samples
produced were analyzed according to American Standard for Testing and Materials (ASTM) C20-00 standard
[15], the compressive strength of the fired samples were carried out using ASTM C-773 [16] ,while the
dielectric test of the fired samples were also analyzed using ATSM D116 [17].

4.Results and Discussion
4.1 Mineralogical Analysis of Raw Materials

Table 3 shows the result of mineralogical analysis of the minerals that are present in the raw materials.
The mineralogical analysis was conducted using X-Ray Diffraction to determine the mineral content in the
raw materials used for the study. The result of the analysis in Table 3 showed that ball clay in the sample,
contain 43.18% of quartz, 53.11% kaolinite, 0.77% Anatse and 2.94% of muscovite. Anatse present in the
clay content is negligible, thus it does not have any significant effect on the samples while muscovite present
though inappreciable in quantity, acts as a fluxing agent which helps at lowering the firing temperature during
sintering[18].

The raw kaolin material used as presented showed that quartz had 21.99%, Kaolinite 75.35%, Anatse
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0.87%, Dolomite 1.26%, and 0.52% of Calcite. The result showed that the raw kaolin had appreciable
quantity of kaolinite which is more suitable for the formation of mullite [19] that is needed to improve the
strength of an electrical porcelain insulator the quantity of quartz present indicate the chemical formula of
kaolin which is Al203. 2Si02 showing that alumina and silica are the basic constituents in kaolin.

Moreso, the XRD revealed that the raw silica material used to produce the porcelain sample contained
95.29% of quartz and 4.71% of kaolinite. The amount of quartz mineral present in raw silica proved the purity
of the material; while the result established that the raw feldspar used for the composition contained 41.71%
of quartz, 20.35% of albite, 32.72% of microcline, 4.67% biotite and 0.55% of calcite. The result also implied
that the source of the feldspar is of good quality and suitable for ceramic production.

Thus, the result from the XRD conducted showed high level of purity of the silica content present in the
materials. The ball clay and kaolin also showed good quality of aluminosilicate materials which is essential
for mullite formation, while feldspar showed high concentration of potash feldspar which is a good fluxing
agent that aid low eutectics. In all, the result proved the source of materials from Afowa and Okpella to be
suitable for production of porcelain insulator.

Table 3. Mineralogical Composition of Raw Materials (XRD)

Mineralogical Clay Kaolin Silica Feldspar
Compositions (Wt. %)
Quartz 43.18 21.99 95.29 41.71

Kaolinite 53.11 75.35 471 -
Anatse 0.77 0.87 -

Muscovite 2.94 -

Dolomite - 1.26 - -
Calcite - 0.52 - 0.55
Albite - - - 20.35

Microcline - - - 32.72
Biotite - - - 4.67
Calcite - - - 0.55
Total 100 99.99 100 100.55

4.2 Determination of the Physio-Mechanical and Dielectric Property of Fired Samples Produced.
a. Physio-Mechanical Property

In this study, the effect of starting powder of the material used on mechanical and electrical properties of
electrical porcelain insulator bodies was determined. The physio-mechanical properties of the fired samples
AlS, A2S, A3S, B1S, B2S, and B3S, sintered at 12000C are shown in Table 4.

i. Linear Shrinkage (L.S %): The linear shrinkage of the compositions in terms of length, diameter, and
weight of samples before and after firing are as shown in Table 4 in accordance to ASTM C20-00 standard.
Since the particle size and water content are closely related to the rate of permittivity as well as the loss
tangent of composite [20], shrinkage value is considered and the result revealed that all the samples gave low
shrinkage values which are suitable for insulator. The shrinkage level can be associated with the low gquantity
of non-plastic content in the raw materials. Also, the varying shrinkage value can be attributed to the particle
size since porosity and particle sizes in the starting state is essential to the sintering properties of fine powders
[21] and thus reduces the firing shrinkage.

ii. Apparent porosity (A.P %): The apparent porosity of the compositions of the insulator samples produced at
1200°C, revealed that sample A,S has the lowest apparent porosity value (26.93%), followed by sample B1S
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and B»S have apparent porosity of 30.40 % and 34.70% respectively. Invariably, all compositions had high
porosity value, and are still within range since apparent porosity and water absorption decrease with increase in
firing temperature [22]. The more the firing temperature, the lower the apparent porosity and water absorption
since high temperature results in liquid or glass phase which eventually fill up the void, thereby leading to
densification of the insulator. In as much as apparent porosity and water absorption are directly proportional to
each other, the result of the water absorption also estimated high. The results as presented in Table 4 also
figured that sample A»S has the lowest water absorption value (11.16%), followed by samples B3S and A1S
with 12.90% and 14.08% respectively. However, Sample A3S had the highest absorption rate of 16.56%, while
samples B1S and B2S ranked second and third in highest rate of absorption with 15.88% and 14.79%
respectively. All the samples gave desirable water absorption values when compared with apparent porosity of
fired refractory body since the insulator samples produced were unglazed.

iii. Bulk Density (B.D g/cm3) the result of the bulk density of the insulator samples compositions revealed that
sample B1S has the lowest bulk density value (1.9 g/cm3). Samples B2S and A2S also had low density values of
2.35g/cm3 and 2.41 g/cm3 respectively. Sample B3S had the highest density of 3.04 g/cm3, while sample A1S
rated second highest value of 2.66 g/cm3. However, the bulk densities of all the samples produced are in the
close range and are within the tolerable value for porcelain insulator compare with [23] since increase in
temperature brings about decrease in bulk density.

iv. Compressive Strength (C.S kN): The minimum failing load or combined electro mechanical strength
according to technical specification for porcelain insulator (specification number D-24) as revised in 2001 for
LT shackle insulator is 15-16kN. The result in Table 4 revealed that only sample A1S met the required
specification with compressive strength value of 25.67kN while others are below the recommended value. The
compressive strength of the samples produced decreases as the particle size increases. This implies that
agglomeration of smaller particle size is much more coherent than larger particle sizes, and thus improve the
compressive strength of the sample.

Table 4: Change in Linear shrinkage (L.S %), Apparent Porosity (A.P %), Water Absorption (W.A %), Bulk Density (B.D g/cm?),
Compressive Strength (C.S kN), with the samples’ compositions sintered at 1200°C

A;S A,S AsS B,S B,S BsS

L.S (%) 2.00 1.36 0.98 1.04 1.64 2.48
A.P (%) 37.28 26.93 42.34 30.40 34.77 39.23
W.A (%) 14.08 11.16 16.56 15.88 14.79 12.90

B.D (g/cmd) 2.66 241 2.56 191 2.35 3.04
C.S (kN) 25.67 13.15 7.80 11.80 7.07 10.97

b. Dielectric Property

i. Insulation Resistance (I.R GQ): The estimated value from the test for insulation resistance of the porcelain
insulator samples produced as shown in Table 5 indicated that sample B,S had the highest insulation volume
resistivity of 1.84 GQ at the injection of 1000 volts, sample B3S had 1.74 GQ, and sample A;S had 1.76 GQ.
Sample B1S had the least resistivity of 1.16 GQ. Although, samples B»>S and BsS had good insulation
resistance, but are having low mechanical strength. The poor mechanical strength can be attributed to crack
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and flaws during composition of the samples [24]. Considering the fact that the mechanical strength and
insulating properties are very germane to porcelain insulator, sample A4S is much acceptable in as much that
it satisfied both required properties of porcelain insulator as quoted in [24] that the minimum insulation
resistance of 500Meg ohm at the injection of 1000Dc voltage is recommended by International Electrical
Testing Association.

ii. Dielectric Strength (D.S kV): Table 5 as well as figure 1. (a) and (b) showed the variation of dielectric
strength test conducted on the porcelain insulator samples produced. An electrical breakdown occurs when
an insulator is subjected to a voltage higher than its designed voltage. This happens when the electric field
applied across an insulating substance exceeds in any threshold field for that substance [25]. The dielectric
strength of porcelain insulators samples produced were tested and it was observed that sample B,P had the
highest dielectric strength property of 9.0 kV/mm, followed by sample A1S with 7.9 kV/mm. Samples A,S,
and AsS had the same dielectric strength of 7.8 kV/mm. Samples B3P, B1S and B3S also had the same
dielectric strength of 7.7 kV/mm while sample B,S had 7.6 kV/mm and Sample A,P had the least dielectric
strength of 6.0 kvV/mm. Nevertheless, sample B,P had the highest dielectric strength but all the samples had
acceptable dielectric strength value since dielectric strength for shackle insulator is about 6-9kV/mm [26].
The dielectric strength test reiterated sample A1S with 75um particle size as the most acceptable samples that
is required for mechanical and dielectric properties.

Table 5: Insulation Resistance (I.R G), and Dielectric Strength (D.S kV) with the samples’ compositions sintered at 1200°C

A;S A,S AsS B,S B,S B3S
I.R (GQ) 1.76 151 1.37 1.16 1.84 1.78
D.S (kV) 7.9 7.8 7.8 7.7 7.6 7.7
— 2 I
g Z 79
g e 578
2 &
% 1 577
< £ 76
Z o 2 74
Al1S  A25 A3S B1S B2S5 B3S A1S A2S A3S B1S B2S B3S
Particle Sizes and Compositions Particle Sizes and Compositions
(a) (b)

Figure 1. (a) Insulation Resistance of samples (b) Dielectric Strength of Samples

4.3 SEM/EDS Analysis of Samples Produced

The results of the Scanning Electron Microscopy (SEM)/Energy Dispersive X-Ray Spectroscopy (EDS)
analysis for all the samples produced are as presented in figures 3 — 8. These results show SEM micrograph of
the micro structural pattern of the phases of samples produced and fired at 1200 OC, length of 100um and
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spectra depicting the peaks of the elements present in the samples.

Table 6 Showed the EDS analysis for the elemental composition of the samples and also revealed the
actual percentages of the various elements contained in the samples produced. The SEM of the samples were
carried out in order to examine the effect of particle sizes on the samples produced are as presented in figures
3 — 8. The results revealed that almost all the particles are tightly bonded (sintered) together regardless of the
various particle sizes that were used to produce the samples.

The EDS result as presented in Table 6 also proved that all samples produced contain O, Al, and Si
which are the major elements required for porcelain formation. The analysis revealed that almost all the
samples are free from iron oxide which is detrimental to electrical porcelain insulator due to its conductivity.
This analysis gave credence to the result of the electrical resistivity and dielectric strength that were
conducted on the samples produced that the samples proved suitable for the production of porcelain insulator.

Table 6: EDS Chemical Analysis of Samples Produced (Wt %)

SAMPLES e} Na Al Si Ca Ti Fe K
A.S 58.36 1.22 11.19 29.23 - - - -
A,S 58.93 1.18 8.23 29.12 - - - 1.10
AsS 64.20 0.96 6.56 8.34 - - - 0.24
B:S 61.30 1.13 10.33 24.86 0.34 0.58 - 1.45
B.S 60.15 - 10.78 18.25 - 0.58 - 0.88
BsS 58.34 0.43 4.44 3179 0.29 - - 0.23

Spectrum 1
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Figure 2: SEM Micrograph of particle size and EDS pattern for Sample A;S
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Figure 3: SEM Micrograph and EDS pattern for Sample A,S
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Figure 4: SEM Micrograph and EDS pattern for Sample AsS
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Figure 5: SEM Micrograph and EDS pattern for Sample B1S
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Figure 6: SEM Micrograph and EDS pattern for Sample B,S
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Figure 7: SEM Micrograph and EDS pattern for Sample BsS
5. Conclusion

The present study investigated the effect of starting particle size of materials that enhance the mechanical
and dielectric properties of porcelain insulator. The mix proportion of 30% wt. kaolin, 15 % wt. clay, 30% wt.
feldspar, and 25% wt. of quartz at starting particle size powder of 75um possesses the best mechanical and
dielectric strength properties of all the samples. The mix proportion shows the compressive strength of
25.67kN where the required specification for shackle insulator is 15-16kN. The insulation resistance is
1.76GQ at the injection of 1000 DC voltage while the required minimum insulation resistance is S00MQ. It
also has dielectric strength of 7.9kV/mm at leakage current >5.0mA.

However, this study suggests that 150um particle sizes as a starting powder for production of electrical
porcelain Insulator could also be used since mechanical and dielectric strength properties of samples produced
with150um is also within the recommended value. This would eventually cut down the cost of processing raw
materials before usage, and thereby reduce cost of production.

The result obtained from the XRD conducted on the mineralogical composition of the raw materials
from Edo State, Nigeria proves its viability for electrical porcelain insulator production for any prospective
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industry to set up her company in Edo state, Nigeria rather than relying on importation of this product. This
study recommends raw materials from Edo State suitable for the production of shackle insulator and
prospective porcelain insulator industry could establish in this state, considering proximity to available raw
materials in order to cut down cost of transporting raw materials.
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Appendix

Al. Prototype of Shackle Insulators produced from this study

-

Author(s) Profile

Ologunwa Temitope P. (Ph.D) had his B.Tech and M.Tech degrees in Industrial Design
(Ceramics Option). He holds PhD degree in Ceramics. He is currently a Lecturer | at the
Department of Industrial Design, School of Environmental Technology, Federal University
of Technology, Akure, Nigeria. He lectures both undergraduate and postgraduate students
in Ceramics courses at different levels for the past seven years. He has presented research
papers in conference and published both in national and international peer reviewed
journals. He is also a member of Ceramic Researchers’ Association of Nigeria, (CeRAN).

How to cite this paper: Temitope Peter, Ologunwa. “Process and Development of Electrical Porcelain
Insulator Using Edo State, Nigerian Raw Materials ", International Journal of Engineering and
Manufacturing(IJEM), Vol.10, No.3, pp.43-55, 2020. DOI: 10.5815/ijem.2020.03.04



