Construction, Architecture

The use of waste glass in concrete production as a partial

replacement of cement

Oksana Berdnyk’, Serhii Vyhovskyi?

'Kyiv National University of Construction and Architecture (Kyiv, Ukraine)
2postgraduate Scientific Research Institute for Binders and Materials, operations director «Grand Beton»
Kyiv National University of Construction and Architecture (Kyiv, Ukraine)
berdnyk.oyu@knuba.edu.ua, orcid: https://orcid.org/0000-0001-5321-3518
2production.dep@grandbeton.com.ua, orcid: https://orcid.org/0009-0003-5898-1200

Received 01.10.2024, accepted 20.12.2024
https://doi.org/10.32347/tit.2024.7.2.01.04

Abstract. The reuse and recycling of waste are
considered the only way to reduce their generation.
However, the application of waste in the
construction industry is still at the research stage,
providing an opportunity for the implementation of
new technologies and the resolution of
environmental aspects in this direction. This enables
the creation of new eco-friendly building materials.
The article discusses research in the field of using
solid household waste in construction. It also
explores the impact of particle size and the
percentage of cement replacement with waste glass
on the properties of the cementitious solution. The
relevance of scientific research in this article lies in
the possibility of using waste glass in concrete to
improve the durability and sustainability of building
structures. The use of glass waste as a pozzolanic
material or as a partial replacement of cement can
contribute to reducing CO, emissions into the
atmosphere, which is an important step in reducing
the impact of construction on the environment. The
results of this work can contribute to the
development of a more sustainable and
environmentally friendly construction industry.

Keywords: mortar, microstructure, compressive
strength, cement, concrete, pozzolanic reactivity,
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INTRODUCTION

Concrete is one of the most widely used
building materials in the world. However, the
production of Portland cement, an important
component of concrete, leads to significant CO»
emissions, a greenhouse gas; approximately

Transfer of Innovative Technologies
Vol.7, No.2 (2024

Oksana Berdnyk

Scientific Research Institute
for Binders and Materials
PhD, Associate Professor

Serhii Vyhovskyi

Postgraduate Scientific Research
Institute for Binders and Materials
Operations director «Grand
Beton»

one ton of CO; and other greenhouse gases are
emitted per ton of Portland cement clinker
produced. The level of carbon dioxide in the
atmosphere has increased by almost 30% over
the last 200 years [1].

Environmental issues play an important role
in the sustainable development of the cement
and concrete industry. There is a need to replace
some of the cement with pozzolanic materials
to reduce cement consumption and,
consequently, reduce environmental pollution
[2].

Waste recycling helps to conserve limited
landfill space and reduce waste disposal costs.
The energy required for reusing recycled
materials is lower than for primary materials.
The wuse of secondary materials in the
construction industry is the most attractive
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option due to the significant increase in
construction activity [3].

Some industrial wastes, such as fly ash,
ceramic wastes, marble powder, blast furnace
slag, etc., have already found their application
in concrete. Recent studies have shown that
glass waste can be effectively used in concrete
as a pozzolanic component. Research in the
concrete industry has demonstrated the
feasibility of using glass waste powder as a
partial replacement for cement. Today, there is
much research being conducted on replacing
Portland cement using various secondary
materials, such as fly ash (FA), ceramic powder,
ground granulated blast furnace slag (GGBS),
and marble powder, among others. Like FA and
GGBS, glass waste powder (GP) can also be
used as a binder component with partial cement
replacement, participating in the hydration
reaction and acting as a filler [4-8].

Glass powder exhibits pozzolanic properties
since it contains SiO;, and therefore, it can
replace cement in concrete and contribute to
increased strength gain [9]. Studies have shown
that particles smaller than 75 pm can exhibit
pozzolanic activity, thereby improving the
microstructure of the mortar and the physical-
mechanical properties of concrete in the long
term [10-11]. Amorphous silica in glass
dissolves in the alkaline environment of the
cement mortar. Afterward, it can react with
calcium hydroxide (CH) to form secondary
hydrated calcium silicate (C-S-H), a process
known as pozzolanic reaction, which can be
expressed as CH + S + H — C-S-H. The
pozzolanic activity of glass particles increases
due to a larger surface area available for
reaction [12-13]. According to previous studies
by the authors, the expansion of alkali-silica
reaction (ASR) in the solution containing glass
particles as fine aggregate will be insignificant
if the glass particles are smaller than 0,3 mm
[13-15].

The use of glass waste in Portland cement
and concrete has attracted enormous interest
worldwide due to increasing waste disposal
costs and environmental issues. Glass used for
containers, jars, and bottles is soda-lime glass,
which consists of 80% recycled glass [12].

The impact of glass powder on the physical-
mechanical properties and microstructure was
analyzed by preparing cement mortar with the
addition of 5%, 10%, 15%, and 20% glass
powder as a partial replacement by weight of
cement. The control mortar was named CMO
(without glass powder), and the experimental
mortar were named CM5, CM10, CM15, and
CM20, where the number indicates the
replacement of cement with glass powder.

All samples were prepared for testing
according to the European standard EN 196-1
in the form of prisms measuring 40 x 40 x 160
mm. The prism samples of the mortar were kept
in water at a temperature of 20 + 1°C until
testing.

The determination of compressive strength
was carried out according to EN 196-1 on the
28th, 90th, and 180th day of curing. The
compressive  strength test results were
calculated as the arithmetic mean of six
individual results from a set of prism samples.
If one of the six results differs from the average
by more than +10%, it is rejected, and the
average is calculated from the remaining five
results.

Microstructural analyses were conducted
using a scanning electron microscope.

Materials. Mortar samples were prepared
with ordinary Portland cement CEM I 42,5 R,
which complies with the requirements of
European Standard EN 197-1. The Blaine
fineness of cement is about 4130 cm?/g. The
mineral compositions of cement are given in
Table 1. The mineralogical composition was
determined using the Rietveld method.

Table 1. Mineralogical composition (XRD analysis, X-ray diffractometer AERIS Cement,

Malvern Panalytical), %
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Standard quartz sand and de-ionized water were used for all experimental mortar.
The glass powder is melted made of soda glass break. Impurities are only to approx. 0.1 thread %
permissible. The Blaine fineness of glass powder is about 3100 cm?/g. The chemical compositions of
glass powder are given in Table 2.

Table 2. Chemical composition of glass powder, %

Name of material

Si02

AlOs

Fe,03

MgO

CaO

NaxO

Others

Glass powder

68,73

1,05

0,08

2,81

9,13

17,05

1,15

The scanning electron microscope images of
powder glass are shown in Figure 1.

Figure 1 Scanning electron microscope images
of glass powder

Tests. The results of compressive strength
testing of mortar samples at different age

stages, considering the addition of glass
powder, are shown in Figure 2. It can be
observed that after 28 days of curing, the
compressive strength decreases with increasing
content of glass powder. The most noticeable
decrease in compressive strength was observed
in mortar CM20 with 20% replacement of
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cement with glass powder. However, this
situation changes at the 90 and 180-day age
stages, where partial replacement of cement
with glass powder does not lead to a decrease in
compressive strength. In fact, there is even a
slight increase observed for samples CMS5 and
CMI10 after 90 and 180 days of curing,

respectively.
.80
£ 60
g 40
% 20
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5=
4 28 90 180
g' Curing time, days
()
mCMO ®mCM5 mCM10 ®CM15 mCM20

Figure 1.1. Compressive strength of mortars
with glass powder addition

In the early stages of curing, the glass
powder acts only as an inert material, leading to
a decrease in compressive strength. The
increase in compressive strength at later curing
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stages in the solution with added glass powder
may be due to the pozzolanic reactivity of the
glass powder. The pozzolanic reaction between
the reactive silica oxide in the glass powder and
calcium hydroxide results in the formation of
C-S-H phases, leading to the densification of

"=

Figure.2. SEM images show the crystallization of C-S-H phases on the glass pbwder surface after 2 h (left)
and after 12 h (right) of hydration

The influence of glass powder addition on
cement hydration was investigated through the
analysis of the microstructure of the cement
matrix at early hydration stages. It was also
noted that the C-S-H phase crystallizes on the
particles of glass powder (Figure 2). The very
fine particles of glass powder act as nucleation
centers, providing additional surface area
where C-S-H nuclei can deposit. Thus, a slight
acceleration of hydration was observed. The
interfacial region visible on the surface of the
glass grain is dense and similar to the matrix far
from the surface. Crystals of calcium hydroxide
or increased local porosity in the contact zone
were not observed. Heteronucleated small
crystals of hydrated calcium silicates are visible
on the surface of the glass.

Differences in pore size distribution can be
observed with other active mineral additives.
We can argue that the use of glass powder in the
solution leads to the modification of pore size.
According to previous studies [16,17], the
number of capillary pores decreases, while the
total porosity increases. This is due to the small
particle sizes of the glass.

CONCLUSIONS

According to studies, glass powder exhibits
slight pozzolanic reactivity, and an increase in
the specific surface area of the glass powder
leads to an increase in pozzolanic reactivity.

Adding glass powder has a negative effect
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the microstructure of the cement matrix and,
consequently, an increase in compressive
strength.  The  densification  of  the
microstructure can be observed in Figure 2.

on strength in the early stages of curing, which
is due to insufficient pozzolanic activity during
this period. At a later age, an increase in
compressive strength of the solution with added
glass powder is observed. This is mainly
attributed to the pozzolanic activity of the glass
powder, which manifests in the later period.
There was no negative impact on the
microstructure of the outer surface. The glass
grain acts as centers for heteronucleation of C-
S-H crystals.
Ground wastes from production in the form of
glass can be used as a partial replacement for
cement. In this case, a slight increase in
compressive strength of test samples is
observed, and there is no deterioration in
porosity. For more effective use of this waste, it
should be ground to a finer size, to a specific
surface area (the Blaine fineness) not less than
that of cement. This will increase the
pozzolanic activity of the glass
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Buxopucranus BixxoaiB ckJjia y BHUPOOHUII-
TBi 0€TOHY SIK YaCTKOBA 3aMiHAa IleMEHTY

Oxcana BEPIJHUK, Cepeiti BATOBCHKHH

Amnoranisi. [ToBTropHE BUKOPHUCTaHHS Ta TIEpepo-
OKa BiXO/iB BBAXKAIOTHCS €IMHUM CIOCOOOM CKO-
porutu ix yrBopeHHs. [Ipore 3acTocyBaHHS Bigxo-
IiB y OyIiBeNbHIN ray3i Bce Ie 3HaXOMWUTHCS Ha
CTaii TOCIKEeHb, 10 Ja€ MOXKJIUBICTH JIJIs BITPO-
Ba/KCHHSI HOBUX TEXHOJIOTiH Ta BUPIIIEHHS €KOJIO-
TIYHHAX acTeKTiB y MboMy HampsMmKky. Lle mo3Bosse
CTBOPIOBATH HOBI €KOJIOTIYHO YHCTI Oy/IiBeNbHI Ma-
Tepiasi. Y CTarTi po3nISIalOThCs JAOCTIKCHHS B
raiy3i BUKOPUCTAHHS TBEPAUX MOOYTOBUX BiJIXO/IiB
y OymiBHUIITBI. BiH TakoX JOCHTIIKYy€e BILTUB PO3-
Mipy YacTHHOK i BiJICOTOK 3aMiHU LIEMEHTY BiJXO-
JaMH CKJIa Ha BIIACTUBOCTI IIEMEHTHOTO PO3UWHY.
AKTyanpHICTh HAYKOBOTO MAOCTI/DKEHHS B JaHId
CTaTTi TOJIATAE B MO>KIIMBOCTI BHKOPUCTAHHS BiIXO-
B CKJIa B OETOHI JUIs IMiJABUILEHHS JOBIOBIYHOCTI
Ta CTiliKoCTi OymiBenTbHUX KOHCTPYKLiH. Bukopuc-
TaHHS BIIXOJIB CKJIa SIK ITyIIOJaHOBOTO MaTepiaity
a0o0 SIK YaCTKOBOI 3aMiHH LIEMEHTY MOXE CHpPHUSTH
3MeHIeHH0 Bukuais CO2 B atMocdepy, 10 € Bax-
JIUBUM KPOKOM Yy 3MEHIIIEHHI BILTUBY OyITiBHHIITBA
Ha HABKOJIMIITHE cepeloBHINe. Pe3ynbraru 1iei po-
0O0TH MOXYTb CIIPUATH PO3BUTKY OUTBII CTIMKOI Ta
€KOJIOT19HO YUCTO1 Oy/MiBeIhHOI Taiy3i.

Kuaro4oBi cjioBa: po3unH, MiKpOCTPYKTypa, Mi-
LHICTh HA CTHUCK, [IEMEHT, OCTOH, IyII0JIAHOBA PeaK-
HiiHa 3aTHICTh, MOPOIIOK BIAXOMIB CKJIa, 3aMiHa
LEMEHTY.
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