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Abstract: - Manufacture of Portland cement produces large of volumes of carbon dioxide and other gases.
Releasing these gases causes atmospheric pollution and subsequent environmental degradation. Finding a
suitable alternative solution to mitigate the environmental degradation caused by using Portland cement is very
important for environmental sustainability. The use of geopolymer concrete as an alternative material over
Portland cement concrete to reduce the adverse effects on the environment is investigated in this paper. The
paper also critically analyses the economic and environmental benefits of geopolymer concrete and address the
financial and environmental issues associated with the production and use of Portland cement. Geopolymer
cement utilizes industrial waste materials such as fly ash from thermal power stations to provide a practical
solution to waste management as well as environmental protection methods.

Geopolymer concrete products are known to possess far better durability and strength properties than Portland
cement concrete. These properties are investigated extensively in laboratory to verify and confirm the superior
durability and strength properties. The paper also discusses the factors which restrict the use of geopolymer
concrete as an alternative to Portland cement concrete. Laboratory tests are conducted on compressive strength,
split tensile strength and flexural tests for specimens with combination of different molarity. The results
obtained are compared analytically and graphically

Keywords: - GPC, Low calcium flyash, GGBS, steel fibres, Alkaline liquid, compressive strength, split tensile
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l. INTRODUCTION

The term geopolymer was first introduced by Davidovits in 1978 to represent the mineral polymers
resulting from geochemistry. Geopolymers are the alkali aluminosilicates binders formed by the alkali silicate
activation of aluminosilicates materials (Duxson, et al., 2005). They were mostly synthesised from silicon and
aluminium materials of geological origin. However, nowadays, geopolymers are manufactured from secondary
raw materials such as fly ash and slag. The use of fly ash has potential ecological benefits and much lower cost
than other source materials (Buchwald et al, 2009).
Geopolymer concrete has emerged as a new engineering material with the potential to form an important
contributor towards environmentally sustainable construction and building products industry. Geopolymers are
alkali-activated aluminosilicates, with a much lower carbon dioxide emission than ordinary Portland cements
(Duxson et al, 2007). Industrial aluminosilicates waste materials such as coal ash and blast furnace slag are
activated by alkali to form geopolymers. As reported by Duxson et al, geopolymers demonstrate improved
strength and chemical properties in addition to many other characteristics which are potentially valuable.
Depending on the selected raw material and processing conditions, geopolymer concrete exhibit a variety of
diverse properties, including high compressive strength, low shrinkage, fast or slow setting, acid resistance, fire
resistance and low thermal conductivity (Dusxon et al, 2006). The manufacture of geopolymer concrete is
carried out using the usual concrete technology methods. The geopolymer paste binds loose aggregates and un-
reacted materials together to form geopolymer concrete. The concrete can be produced with or without the use
of admixtures. As in the case of Ordinary Portland Cement (OPC), the aggregates occupy 75-80% by mass of
geopolymer concrete (Hardjito & Rangan, 2005).

Geopolymeric materials made from coal ash can have better chemical and mechanical properties than

Ordinary Portland Cement products. Early researches have shown that geopolymers can be produced cheaply
and can be made when naturally occurring materials are mixed with NaOH and water (Kostas et al, 2007).

1.1. Objectives

The objectives of this paper are as follows

e To understand properties of geopolymer concrete in order to use it as alternative for Ordinary Portland
Cement.

International organization of Scientific Research 19|Page



Study of The Strength Geopolymer Concrete with Alkaline Solution of Varying Molarity

e To establish the economical, technological and environmental benefits of geopolymer binders over
Ordinary Portland Cement.

e To verify the improvement of properties like compressive strength, tensile strength, flexural strength etc by
using geopolymer binders instead of OPC.

e Todraw conclusion on whether geopolymer technology can provide an appropriate alternative for Portland
cement.

1.2. Properties and Application of geopolymer Concrete

Application of geopolymer concrete technology is showing great promise to contribute positively to a
sustainable concrete industry. Work conducted by Duxson et al (2007) indicated that, depending on the
synthesis conditions (including nature of start materials), geopolymer concrete can be made to achieve the
following properties:

High compressive strength gain

Good abrasion resistance

Rapid controllable setting and hardening

Fire resistance (up to 1000°C) and no emission of toxic fumes whenheated.

High level of resistance to a range of different acids and salt solutions

Not subject to deleterious alkali-aggregate reactions

Low shrinkage and low thermal conductivity

Adhesion to fresh and old concrete substrate, steel, glass, ceramics

High surface definition that replicates mould patterns

VVVVVVVYYVY

1. MATERIALS USED
Following materials were used for laboratory.
Fly ash
Fine aggregate
Coarse aggregate
Alkaline liquid: Sodium hydroxide (NaOH)
Gypsum
Super plasticizer

VVVYVYYVYY

Figure.2.2 Fine Aggregate

Figure.2.3 Coarse Aggregate Figure.2.4 NaOH Pellets

International organization of Scientific Research 20|Page



Study of The Strength Geopolymer Concrete with Alkaline Solution of Varying Molarity

Alkaline liquid

Figure.2.5 Alkaline Solution

Figure. 2.6 Na,SiO; Solution

EXPERIMENTAL WORK

The following tests were conducted on the ingredients of concrete and tabulated in the tables 1, 2, 3 & 4.
3.1. Mix proportion
By trial mix method, with varying proportion of Alkaline solution and flyash the following weight
of ingredients were obtained

Table: 1 Constituents of g

olymer concrete (per 1 m’)

Fine | -~ NaOH Solution Sodium Sodium (Sodium Steel

agg. Tass - f silicatet | Gypsum | Fibre
Mix Fly ash agg. ) silicate silicate/ Sodi o -

3 I\'[D].ﬂ.l'lty - 1T (3 /n} (Addmg

kel Kef Kg/m’ Kg/m’ Kg/m’® hyszrdm[?ic hydroxide)/ 1%)

m’ m m o Fly ash Kgo® | Kegm®

M1 428.6 540 1260 gM 48.97 122 43 25 0.40 12.86 4.28
M2 428.6 540 1260 10M 48.97 122 43 25 0.40 12.86 4.28
M3 4286 540 1260 12M 4897 122 43 25 0.40 12.86 428
M4 | 4286 540 1260 14M 48.97 122 43 25 0.40 12.86 4.28
M5 428.6 540 1260 16 M 48.97 122 43 25 0.40 12.86 4.28

From the experimental results it was found that the Optimum compressive strength is obtained in of mix.3(12M)
was found to be 40.58Mpa for 28 days after ambient curing The results are tabulated and graphically shown as

under.
Table: 2 Workability and Compressive strength properties
Molarity | SuperPl Average comp. strength m N/mm”
Mix | of NaoH | asticizer Slump Curing Curing 1day | 7days | 14 days | 28 days
solution (%) mm method
1.7.14 &
M1 8 M 5 35 Ambient 28 days 20.52 255 29.45 3223
1,7, 14 &
M2 10 M 5 55 Ambient 28 days 22.15 27.55 3215 38.55
1.7.14 &
M3 12M 5 100 Ambient 28 days 2358 28.14 33.24 40.58
1,7, 14 &
M4 14 M 5 130 Ambient 28 days 2298 2795 3310 39.67
1.7.14 &
M5 16 M 5 145 Ambient 28 days 21.58 26.78 31.25 37.55

Chart1: Compressive Strength in N/mm?
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40 -

35 7 B Average comp. strength in

ETe) N/mm2 1 day
25 B Average comp. strength in
N/mm2 7 days
20
= Average comp. strength in
15 N/mm?2 14 days
10 m Average comp. strength in
5 N/mm2 28 days
O T T T T T T T T
M1 2 M3 na M5

From the experimental results it was found that the Optimum Split tensile strength is obtained in of mix.3(12M)
was found to be 4.23Mpa for 28 days after ambient curing The results are tabulated and graphically shown as
under.

Table: 3 Workability and Split tensile strength properties

SuperPl Split tensile strength in N/mm’”
Mix | Molanty | asticizer | Slump Curing Curing
of NaoH (%) mm method
solution lday | 7days | 14days | 28 days
17,14 &
M1 8M 5 35 Ambient 28 days 1.90 2,50 285 3.58
1.7.14 &
M2 10 M 5 55 Ambient 28 days 2.10 222 3.00 4.01
1.7, 14 &
M3 12M 5 100 Ambient 28 days 1.78 2.67 3.03 423
1.7.14 &
M4 14 M 5 130 Ambient 28 days 25 2.98 3.80 3.90
1.7.14 &
M5 16 M 5 145 Ambient 28 days 223 275 3.15 3.2
Chart2: Split tensile Strength in N/mm?
4.5 A
a4
3.5 7 m Splittensile strength in
3 - N/mm2 1 day
25 - m Splittensile strength in
N/mm2 7 days
2 -
W Splittensile strength in
1.5 - N/mm2 14 days
1 A m Splittensile strength in
0.5 - N/mm2 28 days
0 T T T T T T T T T
M1 M2 M3 M4 M5
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From the experimental results it was found that the Optimum Flexural strength is obtained in of mix.3(12M)
was found to be 5.45Mpa for 28 days after ambient curing The results are tabulated and graphically shown as

under.
Table: 4 Workability and Flexural strength properties
SuperPl Flexural strength m N/mm”
Mix | Molanty | asticizer | Slump Curing Curing
a0,
iﬂfﬁg (*%) mm | method lday | 7days | 14days | 28 days

1.7, 14 & 28

M1 8 M 5 35 Ambient days 1.98 3.02 4.05 5.15
1,7, 14 & 28

M2 10 M 5 55 Ambient days 205 325 415 532
1.7, 14 & 28

M3 12M 5 100 Ambient days 2.34 3.52 421 545
1,7, 14 & 28

M4 14 M 5 130 Ambient days 2.85 3.10 413 540
1.7, 14 & 28

M5 16 M 5 145 Ambient davs 2.65 3.02 4.10 5.35

Chart3: Flexural Strength in N/mm?
6 -

5 -

M Flexural strength in
a N/mm2 1 day

M Flexural strength in
3 N/mm2 7 days

Flexural strength in

2 N/mm2 14 days

M Flexural strength in
1 N/mm2 28 days

M1 M2 M3 M4 M5

V. CONCLUSION

The compressive strength of GPC specimens with 12M is 1.25
molarities after 28 days of hot curing

molarities after 28 days of hot curing
molarities after 28 days of hot curing

reduces disposal costs of industrial waste.

vV Vv V¥V VYV V

sustainable concrete industry.
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