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Abstract

Geopolymer is an emerging material in the construction industry, but hot
curing is required for the strength evolution of low calcium fly ash (FA)
based geopolymer, which makes it energy intensive and is not suitable for
real application. Although slag was added to attain strength at ambient
conditions, but it increases the cost, and its availability is also an issue.
Therefore, this work was designed, to get the strength at ambient conditions
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by activating widely available uncalcined lime powder and FA in the
alkaline environment (a combination of NaOH and Na,SiOs3). River sand
was also incorporated to develop geopolymer mortar. Specimens were
exposed to three curing regimes; ambient curing, sun-dried, and hot curing
and finally compressive strength was evaluated after 7 days. It was observed
that due to the addition of limestone powder(LSP), the strength at ambient
conditions was 26 MPa, and it further increased (39 MPa) under hot curing
conditions. Furthermore, to reduce the cost, the alkaline to precursor ratio
was reduced from 0.18 to 0.12, and mixture was pressed at 20 MPa molding
pressure and more than 16 MPa strength was attained at ambient condition.
It can be easily concluded that the observed compressive strength can be
widely used in residential and commercial projects to fulfill the demand for
construction materials and to reduce cement consumption.

Keywords: ambient cure; compressive strength; curing regimes; geopolymer
mortar; hot curing; lime; molding pressure.

Introduction

Ordinary Portland Cement (OPC) is well renowned binding material but is
considered an environmental burden due to a lot of CO; emissions. Several
trials have been made by reducing the amount of cement in concrete by
adding supplementary cementitious materials [1]. However, geopolymer
materials are considered as the alternative material to cement paste, mortar,
and concrete. Therefore, needs to be explored in more detail to replace
conventional mortar or fired clay brick.

Geopolymers, which are considered part of alkali-activated materials, are
one of the most promising materials in this respect. The process of
geopolymerization involves the activation of rich silica and alumina
materials in an alkaline environment [2]. The aluminosilicates are known as
precursors such as clays (illite, halloysite, kaolinite, etc.) [3], and ashes (FA,
bagasse ash, and rice husk ash, etc.) [4]. FA is a silica and alumina-rich
precursor that is widely available in many countries. It has been used in
cementitious products widely, many standards have also been developed for
its efficient utilization [S]. The utilization of FA is only possible when it
gets activated in an alkaline environment. In terms of the selection of a
precursor, the basic philosophy to be kept in mind for obtaining a superior
product is the degree of reaction based on the availability of amorphous



4 Chapter One

silica and alumina in the source material. Similarly, other parameters that
influence the compressive strength during geopolymerization include
alkaline to precursor and sodium silicate (Na,SiO3) to sodium hydroxide
(NaOH) ratios, the molarity of NaOH and curing temperature, etc [6-8]. The
mixture of NaOH and Na,SiOs; results in better strength development as
compared to using them individually as an alkaline activator. Reducing the
alkaline/precursor (A/P) ratio for FA-based geopolymer mortar decreases its
cost. Another significant factor to consider, especially for geopolymerization,
is the molding pressure [9-12], which might have a favorable impact on
compressive strength. Pressure increases the rate of geopolymerization, but
it also decreases porosity while increasing the bulk density. Moreover, there
is a big variation in the temperature or curing condition of cement mortar as
it requires very high temperature. Slag has been used along with the FA to
cure the resultant geopolymer product at ambient conditions. Slag is rich in
Calcium, and activated at the ambient condition to form the calcium-
alumino-silicate-hydrate (C-A-S-H) gel and thus gets the strength [7]

With this background, a new couple has been proposed in this work, where
FA was coupled with the LSP. Three curing regimes have been adopted to
cure the specimen at ambient conditions and compare it concerning the hot
curing condition. Hence, a systematic approach has been proposed in this
work to synthesize geopolymer which fulfilled the mechanical strength
criterion of ASTM standards for brick masonry.

Research Significance

OPC is used globally every year, and it contributes greatly to the world's
CO, emissions. However, its use in concrete and mortar is environmentally
unsustainable. This work was designed to develop FA-based geopolymer
coupled with lime, a widely available material. The LSP was used without
calcination to produce a cleaner environment. Moreover, the curing
condition may also be the ambient or sun-dried condition to make it more
sustainable. Hence, a systematic approach has been proposed in this work
to synthesize geopolymer and to replace conventional concrete blocks or
fired clay bricks. The authors believe that this study will have a positive
effect on the construction industry.
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Experimental Investigation

Materials

For the production of geopolymer mortar, FA, sand (river, dune), alkaline
activators (NaOH, and Na,SiO3), LSP (calcium carbonate), and distilled
water were used. The FA was classified as class F and having low calcium
content (4.81%), because the total amount of SiO (54.14%), ALLOs (28.19),
and Fe;03 (4.93%) is higher than 70%, and the CaO content less than 10%,
according to ASTM C 618 [13]. The color of FA was light grey having a
density of 1058.6kg/m?>. Types of sand used are River Sand (RS) and Dune
Sand (DS). The sodium hydroxide (NaOH) was taken in pallet form having
a white color. Sodium hydroxide was used to activate the FA so that FA
exhibits good cementitious properties. Sodium Silicate was colorless and
clear in physical properties. It was taken in gel form and also used to activate
the FA. LSP was taken in powdered form and white color.

Specimens

Dry mixing of precursors i.e. FA and lime and filler material i.e. sand (river
or dune) was carried out for 30 seconds with high speed mixer. By the
addition of an alkaline activator, sodium silicate (Na,SiOs), and sodium
hydroxide solution (NaOH), wet mixing was carried out for a further two
min 30s, and a paste was formed. The work was divided into three series. In
Series I, the paste was formed with 0.18 Alkaline/Precursor ratio (A/P) and
1.5 NaOH/Na,Si0O; with the river sand and was filled in three layers in cube
molds which were tested after placing under three curing regimes i.e. Oven-
dry, Sun-dry, ambient dry. Then, the mix proportion was changed in Series
IT by reducing A/P to 0.12 and NaOH/Na,SiO; to 1.0, and cylinders
(diameter of 71 mm) were filled with this paste in three layers with 12 times
tamping at each layer. Then these were placed in the Universal Testing
Machine (UTM) and a load was applied to obtain 20 MPa molding pressure.
The specimen was taken out carefully from the cylindrical mold and was
kept under ambient temperature. The same mix proportion was used in
Series III with dune sand but it formed a slurry because of the change in
porosity and surface roughness of particles so cubes of 2.75 mm in size were
cast. A schematic diagram for preparation of geopolymer mortar specimens
is shown in Fig. 1-1 and mix proportions for different series can be found
in Table 1-1.
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Fig. 1-1: Schematic Diagram of Specimen Preparation

Table 1-1: Summary of mix proportion and the specimens prepared in all series

Na:Si0s/ Pressure
Series FA Lime Sand A/P Curing
NaOH MPa
Series- 40 10 50 1.50 0.18 N.A Oven-
| Dry
Sun-Dry
Ambient
Series- 40 10 50 1.0 0.18 20 Ambient
I
Series- 40 10 50 1.0 0.18 N.A Ambient

I




