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ABSTRACT

The production of industrial waste has been steadily rising as a result of the ongoing demands for
resources by humans, and this industrial waste can be used in mortar or concrete to replace cement or
aggregate. Annually, around 130 million tons of glass are produced around the world, of which only
21% is recycled, mostly container glass. Each year, 1.5 million tonnes of ceramic waste come from
manufacturers, and 30% of ceramic materials are turned into waste due to improper handling and poor
skill at construction sites. Both waste glass and ceramic powder possess good workability and
compressive strength. The objective of this research was to develop a mortar for architectural
applications that combines glass and ceramic powders and assess its possibility as a combination of
waste ceramic and glass powder in mortar or concrete has not been investigated yet. The waste
ceramics were collected from building construction, and waste glass collected from recycled shops
was used in this study. Both waste ceramic and glass were crushed to form powder and sieved for
further use. Fine sand was replaced by ceramic powder (denoted as C), and conventional Ordinary
Portland cement (OPC) Type | was replaced with glass powder (denoted as G). The standard
consistency test, setting time test, 7,14- and 28-days compressive strength test, and Scanning Electron
Microscopy (SEM) test were carried out. It was found that the consistency of cement paste increased
by 1.5 ~ 7%, and setting time increased by 5-34% as the glass powder content increased. The
compressive strength was increased due to glass and ceramic powder. The maximum compressive
strength was found in C20G5, which was 13.66% and 8% higher than CM for 14 and 28 days,
respectively. The SEM photograph shows no crack and void for C10G5, C20G5, C10G10 and
C20G10.
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1. INTRODUCTION

The production of the industrial waste has been steadily rising as a result of the ongoing demands for
resources by humans and this industrial waste can be used in mortar or concrete to replace cement or
aggregate (Torkittikul & Chaipanich, 2010). Glass containers are frequently used for packaging
beverages because of their visual clarity, chemical inertness, high inherent strength, and low gas
permeability (Lu et al., 2017), and have high silica content, as shown in Table 1. Annually, around
130 million tons of glass are produced around the world, of which only 21% is recycled, mostly
container glass (Ani et al., 2022). In Bangladesh, around 14,770 tons of glass waste are produced
every year, with a market value of $249,550 (Sobuz et al., 2023). The majority of recycled container
glass in Europe is used to make new glass, which puts the recycling rate at 74%.. However, due to the
lack of a glass manufacturing industry, the bulk of used glass containers in Asia are thrown in
landfills rather than recycled (Xin Lu et al., 2017). Only 12% of discarded glass was recycled, which
was substantially lower than in Europe (Sobuz et al., 2023).

Table 1: Chemical composition of cement, glass powder, and ceramic powder (%oweight)

Compound Composition
Cement Glass powder (adopted Ceramics powder
(adopted from Lu et al., from Lu et al., 2017) (adoptt_elfjijf;?in; (g)llg;/vale &
2017)

SiO, 21.36 73.5 64.56
Al;O3 5.27 0.73 15.07
Fe203 0.20 0.38 6.01
CaOo 67.49 10.48 4.15
MgO 1.14 1.25 2.04
K20 0.077 0.69 2.13

Na,O 0.048 12.74 -

TiO; 0.14 0.087 -

SO3 2.60 - -
SiO, + Al,O3 + Fe 03 26.83 74.61 85.64

Glass waste recycling has gained popularity recently as a way to use recycled glass in concrete and
mortar instead of aggregates or cement (Muhedin & Ibrahim, 2023; Kalakada et al., 2019; Elagra et
al.,2019; Aliabdo et al., 2016). Researchers argue about the effect of glass aggregate on the
workability of concrete when used as a replacement for aggregates in mortar and concrete. Several
studies found that when the percentage of glass particles in fresh concrete climbed, the slump value of
the material was reduced, which led to poor workability (Wang, 2009; Ismail & Al-Hashmi, 2009). In
contrast, Zhao et al., (2013) found that substituting natural aggregates with waste glass resulted in
enhanced workability, attributed to the non-absorbent properties of glass. The particle size of glass
aggregates used as replacement aggregates has a significant impact on the rate of hydration (Ling et
al., 2011). The addition of glass aggregates to cement-based products significantly enhances their
durability by improving surface resistivity and resistance to sulfate attack (Wang, 2009). The more
glass particles there were in the concrete, the less permeable to the chloride ions and more drying
shrinkage (Kou & Poon, 2009). The reactivity of glass powder is influenced by its chemical
composition and fineness (Hosseini & Riding, 2015). As glass powder particle size reduces, cement-
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glass mixes tend to become stronger (Schwarz & Neithalath, 2008). Several investigations have
confirmed that the compressive strength first increases until it reaches an acceptable criterion when a
certain percentage substitute is achieved but thereafter decreases (Aliabdo et al., 2016). In comparison
to the control cement paste, it was found that adding glass powder to the cement paste significantly
increased its electrical resistivity (Kamali & Ghahremaninezhad, 2016).

Ceramics are manufactured by using clay or China clay, which is subjected to firing at temperatures
ranging from 1000 to 1150 °C (Torkittikul & Chaipanich, 2010). Ceramic tile wastes from
construction sites, manufacturing plants, and building demolition projects pose an environmental issue
as they pollute land and water by practicing landfilling. Each year, 1.5 million tonnes of ceramic
waste come from manufacturers. Also, 30% of ceramic materials turned into waste due to improper
handling and poor skill at construction sites (Lim et al., 2022). Ceramic waste possesses numerous
advantageous characteristics, including its hardness, durability, and exceptional resistance to
pollutants. The qualities of ceramic waste make it possibly suitable for incorporation into mortar.
Ceramics that are crushed have a smaller size compared to ceramics used as electrical insulators, and
they do not pose any problems with water absorption (Torkittikul & Chaipanich, 2010). Also,
ceramic powder has CaO (Table 1), which is a cementitious material that enhances compressive
strength. Ceramic waste has a lower specific mass than sand and increases water consumption in the
mortar and workability (Cherene et al., 2023). Many researchers used ceramic wastes as fine
aggregate (Tanash et al., 2023; Hamad et al., 2020; Mohammadhosseini et al., 2019).

It was found from the above literature that previous studies were carried out for waste glass powder
and waste ceramic powder, each replacing cement and aggregate material separately. However, using
a combination of waste ceramic and glass powder in mortar or concrete has not been investigated yet.
Hence, the objective of this research was to develop a mortar for architectural applications that
combines glass and ceramic powders and assess its possibility.

2. METHODOLOGY

2.1 Materials

The waste ceramics were collected from building construction, and waste glass was collected from
recycled shops. Both waste ceramic and glass were crushed to form powder and sieved for further use.
For ceramic powder, 70% of the 1.18 mm sieve retainer and 30% of the 2.36 mm retainer were used.
Meanwhile, for glass powder, 90% of 600-micron sieve passing, 300-micron sieve retainer, and 10%
of 300-micron sieve passing were used. In order to investigate the feasibility of replacing fine sand
with ceramic powder (denoted as C) and conventional Ordinary Portland cement (OPC) Type | with
glass powder (denoted as G), several combinations of mix proportion were prepared, which were
shown in Table 2. Also, a regular mortar (denoted as CM) was prepared using Ordinary Portland
cement (OPC) Type I and fine sand. The water-cement (W/C) ratio for each mix proportion was used
at 0.52, and the cement: sand ratio was used at 1:2.75.

Table 2: Mix proportions of different mixture

Mix ID Ceramic powder (%) to Glass powder (%) to
replace sand replace OPC Type |
CM - -
C10G5 10 5
C10G10 10 10
C10G15 10 15
C10G20 10 20
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C10G25 10 25
C20G5 20 5
C20G10 20 10
C20G15 20 15
C20G20 20 20
C20G25 20 25

2.2 Laboratory Test

The standard consistency test (ASTMC187, 2016) and setting time test (ASTM C191, 2016) for
cement paste were carried out for different combinations by replacing cement with glass powder by
5% (denoted as G5), 10% (denoted as G10), 15% (denoted as 15), 20% (denoted as G20) and 25%
(denoted as G25). The compressive strength test (ASTMC109) of different mortar mixes (Table 1)
was carried out for 7-, 14-, and 28-day samples. All the tests were done in the department laboratory
at the university premises. All the data were analysed using Microsoft Excel 2021. The scanning
electron microscopy (SEM) investigation was conducted at the Bangladesh Council of Scientific and
Industrial Research (BCSIR) using the 30KV VP-SEM machine.

3. RESULT AND DISCUSSION

3.1 Standard Consistency

It was seen from Figure 1 that the consistency of cement paste increased by 1.5 ~ 7% as the glass
powder content increased. Khan et al. (2020) reported that the increase in water requirement was
found when cement replacing material has low specific gravity and higher specific surface area. It was
known that glass powder has a lower specific gravity than cement, which increases water
requirements (Deshmukh & Deshmukh, 2014; Miranda et al., 2014). Also, Alshamsi et al. (1993)
mentioned that silica present in glass powder and small particle sizes of glass powder increase water
demand. The consistency test results were found to be similar to those of previous researchers, where
it was found that water requirement was increased by replacing cement with silica fume (Rao, 2003)
and silica content (Qing et al., 2007).
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Figure 1: Standard consistency of cement paste (with different % of glass powder replacement)

ICCESD 2024_0261_4



7™ International Conference on Civil Engineering for Sustainable Development (ICCESD 2024), Bangladesh

3.2 Initial and Final Setting Times

This study examines the differences in the start and final setting time of the cement paste with
different % of glass powder replacement. From Figure 2, it was seen that, by increasing glass powder
content to replace cement, setting time was increased, which ranged from 5-34%. Similar results were
found by other researchers (Lu et al., 2017; Alshamsi et al., 1993), where it was found that waste
glass powder or micro-silica increases the setting time as it was a pozzolanic material that reacts with
hydration time.
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Figure 2: Setting time of cement paste (with different % of glass powder replacement)

3.3 Compressive Strength

Figure 3 shows the effects on the compressive strength of mortars at 7, 14, and 28 days of substituting
cement with glass powder at different percentages (5~25%) and utilizing ceramic powder as a
replacement of sand at 10% and 20% by weight. Although the compressive strength of mortar
generally decreased due to the replacement of cement or sand, similar to Ozkan & Yuksel (2008), it
was found that for 14 and 28 days, the maximum compressive strength was found in C20G5, which
was 13.66% and 8% higher than CM, respectively. Meanwhile, for 7 days, the maximum compressive
strength was found in C20G10, which was 10.10% higher than CM and 13% higher than C20GS5.
Also, the compressive strength was similar to CM for 7 days were C10G5, C10G10, C20G5, and
C20G15. The compressive strength was increased more than CM for 14 days, which were C10GS5,
C10G10, and C20G10; for 28 days, it was C20G10. The increase in compressive strength may be
caused by glass powder, as Rao (2003) reported that the presence of silica reduced the calcium
hydroxide content of cement, which increased the strength. Also, ceramic powder increased the
compressive strength if it replaced the sand upto 50% (Torkittikul et al., 2010).
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Figure 3: Compressive strength test

3.4 Scanning Electron Microscope (SEM)

Figure 4 shows the Scanning Electron Microscope (SEM) photograph, where the yellow circle
indicates the glass powder and blue indicates the ceramic powder. There was no crack observed
among the four samples C10G5, C20G5, C10G10 and C20G10. All samples pose no significant void,
which indicates good mix proportion.
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Figure 4: SEM image for replecement (a) C10G5, (b) C20G5, (c) C10G10, (d) C20G10

4. CONCLUSIONS

The findings of this study were summarized as follows:

o The consistency of cement paste increased by 1.5 ~ 7% as the glass powder content increased.

e By increasing glass powder content to replace cement, setting time was increased, which ranged
from 5-34%.

e The compressive strength was increased due to glass and ceramic powder. The maximum
compressive strength was found in C20G5, which was 13.66% and 8% higher than CM for 14
and 28 days, respectively. Also, the maximum compressive strength was found in C20G10,
which was 10.10% higher than CM and 13% higher than C20G5 for 7 days.

e The SEM photograph shows no crack and void for C10G5, C20G5, C10G10 and C20G10

It can be concluded that using glass and ceramic powder produced from recycled glass and ceramic
has the potential to be used as architectural mortar. However, further work needs to be done to
understand the combined effect of glass and ceramic powder in mortar.
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