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a b s t r a c t

Insulators used for high-voltage power transmission are made from ceramic, glass, porcelain or com-
posite polymer materials. Ceramic and porcelain goods are produced from natural materials containing a
high proportion of clay minerals. And waste insulator can be used as an active additive thanks to their
pozzolanic properties, or as recycled aggregate in the manufacture of mortars and concrete. This research
studied the effect of different particle size of grinding waste insulator proportions on binder in cement
mortar. Experiments were conducted to determine the optimal replacement content and particle type to
ensure that the quality of concrete products is maintained. The results indicate that the use of grinding
insulator powder as an admixture for cement mortar was efficient in increasing compressive strength,
workability and in reducing alkali silica reaction expansion due to the increased amount of calcium
silicate hydrates created by pozzolanic reaction. And it was apparent that the properties of mortar were
different with particle size of grinding insulator powder.

& 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Green is the new buzz word, and every facet of today's industry
is attempting to reduce their carbon footprint. Builders today are
under constant pressure to become more “earth friendly” and are
constantly looking for more ways to incorporate recycled materials
into their products [1]. Recycling industrial waste not only brings,
huge economic benefits but also greatly helps the distribution of
resources in the country [2].

Large amounts of natural resources such as gravel, sand, water
and cement are used in concrete production. Also, 3 billion tons of
raw materials are used each year for cement production in the
world [3,4] and, cement manufacturing is responsible for about
2.5% of total worldwide CO2 emissions from industrial sources
[5,6].

The world's cement demand is anticipated to increase by about
2.5–5.8% every year until the first half of the 21st century [7]. To
meet the increase of cement demand and simultaneously comply
with the Kyoto Protocol, cement that gives less CO2 discharge
should be urgently developed. If cement can be manufactured

with industrial byproducts, such as ground granulated blast fur-
nace slag (GBFS), Fly ash and waste ceramic instead of clinker as its
counterproposal, there would be many advantages, including
maximum use of these industrial byproducts for high added-value
resources, conservation of natural resources and save energy by
omitting the use of clinker, minimized environmental pollution
problems caused by CO2 discharge, and reduction of the produc-
tion cost.

High consumption of natural sources, high amount of produc-
tion of industrial wastes and environmental pollution require ob-
taining new solutions for a sustainable development. One of the
most effective ways to minimize the environmental effect is to use
mineral admixtures as a partial cement replacement. The use of
mineral admixtures in concrete production improves the com-
pressive strength, pore structure, and permeability of the mortars
and concretes [8], because of the pozzolanic reaction [9]. This
approach has the potential to reduce costs, save energy, and
minimize waste [10] and the lower cement requirement also leads
to a reduction of CO2 generated by the production of cement
[11–15].

Generally, insulators used for high-voltage power transmission
are made from ceramic, glass, porcelain. But recent rapid devel-
opments in synthetic resin technology have led to considerable
demand polymer insulator. Since 2005, the demand for such
polymer insulator is estimated to be approximately 160 million
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(output for insulator is estimated to be approximately 200 million
units each year): As output rises, manufacturing processes produce
increased amounts of existing products waste material. The issue
of proper insulator disposal is thus a very important issue in Korea
Electric Power Corporation (KEPCO).

Being amorphous and containing relatively large quantities of
ceramic, glass, porcelain and calcium is – in theory – pozzolanic or
even cementitious in nature when it is finely ground [16].

In this study, the replacement of cement with grinding in-
sulator powder in a concrete was studied in detail with the aim of
achieving an economic and quality product. Parameters such as
compressive strength, workability, microstructure and alkali–silica
reaction (ASR) expansion of mortar were considered in
order to determine the optimal replacement content and thus
ensure a quality of concrete product in line with the prevailing
standards.

2. Experimental methods

2.1. Materials

Ordinary Portland Cement (OPC) complying with the require-
ments of Korean standard KS L 5201 was used. Its chemical com-
position and physical properties are shown in Table 1. The grind-
ing waste insulator powder was obtained from KEPCO, Korea. To
achieve a uniform particle size, the waste insulator was crushed
and ground passed through 9 μm, 16 μm sieves and dried for
further applications using a planetary mill (see Fig 1).

2.2. Mixing of specimens and curing

An experiment was conducted to investigate the influence of
the size and content of grinding insulator powder. The mix pro-
portions are shown in Table 2. The water/binder ratio (w/b) of all
the mortars was 0.5 and the proportion of binder to sand was
1:2.45. All specimens were cast into a mould of dimensions 50�
50�50 mm3 to measure the physical properties of the mortars.
The specimens were left in a constant temperature and humidity
chamber (2072 °C, 60710%).

2.3. Test method

2.3.1. Examination of insulator particle morphology with a scanning
electron microscope (SEM)

The morphology of the insulator particles was examined using

Table 1
Chemical composition and physical properties of raw materials.

Sample Chemical composition (%) Specific
gravity

SiO2 CaO Al2O3 Fe2O3 MgO SO3 B2O3 LOI

OPC 21.74 61.06 5.86 3.22 3.99 2.43 – 0.78 3.15
Insulator
powder

65.24 2.85 19.10 5.66 0.44 1.04 – 0.12 2.80

Fig. 1. Insulator and grinding insulator powder. (a) Insulator (Wikimedia commons). (b) Grinding insulator powder passing through 16 μm (A Type). (c) Grinding insulator
powder passing through 9 μm (B Type).
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