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OF ENGINEERING which causes global warming. A lot of energy and natural resources are consumed
in production of Ordinary Portland cement (OPC). Geopolymer concrete (GPC) is
one of the processes that reduces cement usage and increases the usage of
KY PUBLICATIONS industrial by-products in concrete. In the present study, OPC is fully replaced by

INDIA 2 pozzolanic materials and alkaline liquids such as Sodium hydroxide (NaOH) and

Sodium silicate (Na,Sios) to produce the Geopolymer concrete.
The present investigation is to study the effect of pozzolanic materials and
concentration of NaOH. The experimental programme is divided into two phases.
In Phase-1, two mixes were taken one is Fly ash based GPC and other is GGBS
based GPC with 10M concentration and out of these two mixes the optimum mix
GGBS based GPC is taken for further study. In Phase-2 the mix GGBS based GPC is
considered and concentration of NaOH is varied (i.e. 6M, 8M, 10M, 12M and 14M)
to study the compressive strength. The test specimens prepared were concrete
cubes of size 100x100x100 mm and cured under sunlight. The GPC specimens
were tested for their compressive strength at the ages of 7, 14, 28 and 56 days.
The sorptivity and XRD analysis were also carried out after 28 days of curing. The
results show that the GGBS based GPC specimens gives higher compressive
strength and lesser sorptivity than the Fly ash based GPC in phase-1 study and in
phase-2 with the increase in concentration of NaOH the compressive strength
increased and sorptivity value decreased. The XRD analysis also carried out to
study the minerals of GPC.
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1. INTRODUCTION polymers. The chemical composition of the
1.1 General: The geopolymer technology was first geopolymer material is similar to natural zeolitic
introduced by Davidovits in 1978. His work materials, but the microstructure is amorphous[”.
considerably shows that the adoption of the Any material that contains mostly silicon (Si) and
geopolymer technology could reduce the CO, aluminium (Al) in amorphous form is a possible
emission caused due to cement industries. source material for the manufacture of geopolymer.

Geopolymers are members of the family of inorganic
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Metakaolin or calcined Kaolin, low calcium
ASTM Class F fly ash, natural AI-Si minerals,
combination of calcined minerals and non-calcined
minerals, combination of fly ash and metakolin,
combination of granulated blast furnace slag and
metakaolin have been studied as source materials™.
The most common alkaline liquid used in
geopolymerisation is a combination of sodium
hydroxide or potassium hydroxide and sodium
silicate or potassium silicate. In the past few
decades, it has emerged as one of the possible
alternatives to OPC binders due to their reported
high early strength and resistance against acid and
sulphate attack apart from its environmental
friendliness. The temperature during curing is very
important, and depending upon the source
materials and activating solution, heat often must
be applied to facilitate polymerization, although
some systems have been developed that are
designed to be cured at room temperaturem.

Geopolymer binders might be a promising
alternative in the development of acid resistant
concrete since it relies on alumina-silicate rather
than calcium silicate hydrate bonds for structural
integrity.
1.2 Necessity of Geopolymer Concrete

Concrete is one of the widely used
materials all over the world. Ordinary Portland
cement (OPC) is used as the primary binder to
produce the concrete. The demand of concrete is
increasing day by day for the need of development
of infrastructure facilities. However, it is well known
that the production of OPC not only consumes
significant amount of natural resources and energy
but also releases substantial quantity of carbon
dioxide to the atmosphere. Environmental pollution
is the biggest menace to the human race on this
planet today. It means adding impurity to
environmental. It has a severe effect on the
ecosystem. There are many reasons which cause
pollution. In our construction industry, cement is the
main ingredient/ material for the concrete
production. But the production of cement means
the production of pollution because of the emission

[4]

of CO, during its production””. There are two

different sources of CO, emission during cement
production. Combustion of fossil fuels to operate
the rotary kiln is the largest source and other one is
the chemical process of calcining limestone into lime
in the cement kiln also produces CO,. In India about
2,069,738 thousand of metric ton of CO, are emitted
in the year of 2010. The cement industry contributes
about 5% of total global carbon dioxide emissions’..
And also, the cement is manufactured by using the
raw materials such as limestone, clay and other
minerals. Quarrying of these raw materials is also
causing environmental degradation. To produce a
ton of cement, about 1.6 tons of raw materials are
required and the time taken to form the limestone is
much longer than the rate at which humans use it.
On the other side the demand of concrete is
increasing day by day for its ease of preparing and
fabricating in all sorts of convenient shapes. So, to
overcome this problem, the concrete to be used
should be environmental friendly. To produce
environmentally friendly concrete, we have to
replace the cement with the industrial byproducts
such as fly-ash, GGBS (Ground granulated blast
furnace slag) etc. In this respect, the new technology
geopolymer concrete is a promising technique.
1.3 Objective and Scope

The main objective of this project is to
study the performance of geopolymer concrete by
considering two different pozzolanic materials and
to investigate the effect of alumina-silicate source
material and alkaline solution in Geopolymer
concrete. The scope in geopolymer concrete is usage
of recycled coarse aggregates as fresh coarse
aggregates, SEM tests can be done for GGBS based
GPC, Fine aggregates can be replaced by the
industrial by-products.
2. EXPERIMENTAL STUDY
2.1. Materials

The cement industry is one of the major
reasons for emission of greenhouse gases, such as
CO2 which causes global warming. A lot of energy
and natural resources are consumed in production
of Ordinary Portland cement (OPC). Geopolymer
concrete (GPC) is one of the processes that reduces
cement usage and increases the usage of industrial
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by-products in concrete. In the present study, OPC is
fully replaced by pozzolanic materials and alkaline
liquids such as Sodium hydroxide (NaOH) and
(Na2Sio3) to
Geopolymer concrete.

Sodium silicate produce the

The present investigation is to study the
effect of pozzolanic materials and concentration of
NaOH. The experimental programme is divided into
two phases.

In Phase-1, two mixes were taken one is Fly
ash based GPC and other is GGBS based GPC with
10M concentration and out of these two mixes the
optimum mix GGBS based GPC is taken for further
study.

In Phase-2 the mix GGBS based GPC is
considered and concentration of NaOH is varied to
study the compressive strength..These are the tests
for slump cone,compression ,Sorptivity and XRD
Test s.

The sorptivity and XRD analysis were also
carried out after 28 days of curing. The results show
that the GGBS based GPC specimens gives higher
compressive strength and lesser sorptivity than the
Fly ash based GPC in phase-1 study and in phase-2
with the increase in concentration of NaOH the
compressive strength increased and sorptivity value
decreased. The XRD analysis also carried out to
study the minerals of GPC.
2.2. Mix design

As Geopolymer concrete is a new
technology to the world, that it have not reached
the stage of standards codes or mix design. The
methods used to design, prepare and test the
Geopolymer concrete are based on many previous
journals.

Geopolymer concrete is nothing but a 100%
replacement of cement with cementious materials
and alkaline liquids. Initially, many number of trials
were carried out by using different materials such as
Rice husk ash, Metakaoline, Ground granulated blast
furnace slag and Fly ash. In those trials, we found Fly
ash and GGBS are suitable materials for the
replacement of cement to get significant strength to
OPC. The test specimens prepared were concrete
cubes of size 100x100x100 mm and cured under

sunlight. The GPC specimens were tested for their
compressive strength at the ages of 7, 14, 28 and 56

days.
Phase-1 Mix proportions (kg/ms):
S.no | Materials Mix 1 Mix 2 Mix3
1 Fly ash 514.3 257.15 | O
2 GGBS 0 257.15 | 5143
3 Fine aggregate 672 672 672
4 20mm Coarse 705.6 705.6 705.6
aggregate
5 10mmCoarseAggr 302.4 302.4 302.4
egate
6 Sodium silicate 146.92 | 146.92 | 146.9
2
7 20mmCoarseaggre | 18.22 18.22 18.22
gate
8 Distilled Water 40.55 40.55 40.55
9 Molarity 10M 10M 10M
Phase-2 Mix proportions (kg/m3):
S.NO Particulars | Coarse Fine
of test Aggregate | Aggregate
1 Specific 2.64 2.62
gravity
2 Water 0.4 0.40%
absorption
3 Bulk 1605 1718kg/m’
density kg/m®
4 Loose bulk | 1477 1518kg/m’
density kg/m’
5 Fineness 7.357 2.69
Modulus

Mixing: Mixing of ingredients is done in a pan mixer
of capacity 40 litres. First Fly ash or GGBS depends
upon the mix, Coarse aggregate and fine aggregate
are mixed thoroughly for three minutes in a pan
mixer and the alkaline solution which is added with
extra water to dry materials and mixed about for
five minutes.The primary difference between
geopolymer concrete and Portland cement concrete
is the binder. The silicon and aluminium oxides in
the low-calcium fly ash reacts with the alkaline liquid
to form the geopolymer paste, that binds the loose
coarse and fine aggregates and other unreacted

materials to form the geopolymer concrete.

146 K.NAVEEN et al.,



International Journal of Engineering Research-Online

A Peer Reviewed International Journal
Email:editorijoer@gmail.com http://www.ijoer.in ISSN: 2321-7758

(Sept.-Oct.)

S.no Materials Mix 4 Mix 5 Mix 6 Mix 7 Mix 8

1 GGBS 514.3 514.3 514.3 514.3 514.3

2 Fine aggregate 672 672 672 672 672

3 705.6 705.6 705.6 705.6 705.6
20mm Coarse aggregate

4 302.4 302.4 302.4 302.4 302.4
10mmCoarseAggregate

5 Sodium silicate 146.92 146.92 146.92 146.92 146.92

7 Distilled Water 47.02 44.08 40.55 38.2 35.26

8 Molarity 6M 8M 10M 12M 14M

2.3. Test specimens

Three cubical and cylindrical specimens of
size 150 mm x 150 mm x 150 mm and length 300
mm, 150 mm diameter were cast and tested for
each age and each mix for compressive strength and
split tensile strength. The compressive and split
tensile strength of Geopolymer Concrete was tested
after 7, 28 and 90 days of curing. For impact test L/4
of cylinder i.e., 75 mm of length and diameter of 150
mm specimens were casted and cured for a period
of 28 days. In case of sorptivity, the specimens
having 100X100X100mm surface area were casted
and cured for a period of 28 days and it is coated
with non absorbent material on all sides except on
side of contact with the water.
2.4. Curing of Test Specimens
After casting and demoulding, the test specimens
were kept in normal water for curing at room
temperature till the execution of the testing on the
specimens.
3. METHODOLOGY
The strength studies on performence of geopolymer
concrete are evaluated by using Compressive
strength test, X-Ray Diffraction Test, and sorptivity
as respective codes.

4. RESULTS AND DISCUSSIONS

4.1 Introduction: One of the most environmentally
responsible ways of meeting the challenges of
sustainability in construction is to reduce the
production of OPC, by using the Fly ash and GGBS in
concrete as a replacement of cement. The main
objective of the present work of investigation is
classfied in to two phases.

Phase-1: The effect of the Source materirial in
geopolymer concrete which are rich in alumina-silica
source such as GGBS and flyash.

Phase-2: The effect of molarity of alkaline liquid in
Geopolymer concrete by varing as 6M, 8M, 10M,
12M and 14M.

These
Compressive strength, Sorptivity, XRD
4.2 Sorptivity: The
conducted for the specimens of Phase-1 and Phase-

are tests for geopolymers concrete

sorptivity test has been

2 after curing them for 28 days in sunlight.
Phase-1 Sorptivity test results:

Vol.4., Issue.5., 2016

S.NO | Morter | Dry wt.in | Wet wt.in | Change | Sorptivity
Type grams(w) | grams(w2) | in wt.in | Value 10
grams | mm/min®®

(wo-wy)

1 FG-GPC | 2362.3 2379 16.7 0.3
FG-GPC | 2519.3 2534.7 15.3 0.28
G-GPC | 2551.7 2564 12.3 0.23

0335 7 p
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020 |
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.10 '//

0.05 - —

0.0 |

FA-GPC FG-GPC G-GPC-10

Geopolymer  concrete specimens G-GPC-10

manufactured with 100% GGBS resulted in lesser
values of sorptivity when compared to the 100% Fly
ash and 50% Fly ash + 50% GGBS based geopolymer
concrete as in the case of FA-GPC and FG-GPC
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specimens respectively. This may be attributed to
the fact that alkali content in the mix gives better

reactivity with the GGBS resulting in denser _E_
microstructure.FA-GPC specimen recorded 0.30 &
mm/min0.5 sorptivity whereas specimens of G-GPC- ;
10 showed comparatively lower corresponding =
values of 0.23 mm/min0.5 respectively. E
Phase-2 Sorptivity test results:
S.NO | Morter | Dry wt.in | Wet wt.in | Change | Sorptivity 14D4YE 2EDAFE
Type grams(wy) | grams(w2) | in wt.in | Value 10™ 0 Davs of Curing
grams mm/min®*
(wy-w;) Phase-11 Compressive strength results: In the
1 G-GPC- | 2423.7 24433 19.7 0.36 phase-2 of the project the optimum mix of phase-1
6
2 GGrC. | 22493 24657 6 029 material is taken that is GGBS based geopolymer
8 concrete and by varying the molarity of the alkaline
3 f(;GPC' 25517 2564 123 0.23 solution compression strength is presented for the 7
a4 G-GPC- | 2578.7 2586.7 8 0.15 days, 14days, 28 days and 56 days.
12 s.no Typesof |Compressive Strength in MPa
5 G-GPC- | 2604 2610 6 0.11 SPECIMEN 17 days 14days 28days 56days
14 1 G-GPC6  |29.33 33 2 44333
. 2 G-GPC8  [35.33 36.33 54.33 56.66
= 0.40 ————— 3 G-GPC-10 |58 63.67 68.33 69.87
E 0' 30 A= — 4 G-GPC-12 [63.7 68.33 70.66 71.66
= Tk ————— 5 G-GPC-14 [65.7 71 75.33 76.33
u \ Y o — . . .
= 0207 F——— Compressive strength was tested for the mixes with
B ———— the addition of various percentage of fibers i.e., of
= 010 —— 0%, 0.5%, 1%, 1.5% and 2% by volume and weight of
E 0.00 < ~—f— cement in concrete. The samples were tested after
% j 7 *‘-__ curing periods of 7, 28 and 90 days. It was observed

4.2. Mechanical properties

Compressive strength and splitting tensile strength
of GPC were tested on cubes and cylinders with
different percentages of steel and glass fibers for
M20 grade mix are tabulated. The strength of GPC
has been tested after 7, 14 and 28 and 56 days of
normal curing.

4.2.1. Compressive strength:

Phase-1 Compressive strength results: In phase-1 of
the project by varying the materials of the mix the
compressive strength results are presented and the
test results are taken for 7 days, 14 days and 28

days.
s.no Types of Compressive Strength in MPa
specimen (7 days 14days 28days
FG-GPC 15.66 31 34.33
2 FG-GPC 46 47.33 49.7
4 G-GPC-10 |58 63.33 68.33

that there was a significant increase in compressive
strength with the increase in percentage of fibers
from 0% to 1.5% in all curing periods. After 7 days of
curing, 1.5% fibers sample exhibited a compressive
strength of 24.82 MPa, whereas after 28 days of
curing it was 32.35 MPa and after 90 days of curing
it was 37.64 MPa.

It is to be noted that the significant improvement in
compressive strength is mainly due to the addition
of fibers in concrete. From the results it is concluded
that the fibers blending will enhance the initial crack
stress, ultimate strength and toughness after
cracking. Thus hybridization results in bridging of
both micro cracks and macro cracks in the different
stages by choosing an appropriate fiber to the
concrete mix gives the best results. However, when
the percentage fibers were increased to 2% a drastic
fall in evidenced

compressive strength was

irrespective of the time of curing. The compressive
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strength values of the mixes with 2% addition of
fibers were found to be 20.33 MPa, 29.32 MPa and
34.22 MPa respectively after 7, 28 and 90 days of
curing.

TDAYS 14DAYS 28DAYS 36DAYS

Figure 3. Compressive strength versus Age
X-RAY DIFFRACTION: Total four samples were
tested for the X-Ray Diffraction (XRD) that is two
samples in each phase. The samples that are tested,
Phase-1
FA-GPC (Fly ash based GPC)

G-GPC-10 (GGBS based GPC

FA-GPC

'3

5

-
-

G-GPC-10

%% 2 &
| o0,

The G-GPC specimens exhibits peaks of Quartz.
Peaks of Silicon Oxide are also observed.In the
above Pie chart the Quartz and Silicon oxide are in
higher contents GGBS based GPC than the FLY Ash
based GPC.The mix G-GPC-10 containing Quartz and
Silicon Oxide higher, than the FA-GPC, which helped
in strengthening the concrete. Analcime is an extra
compound that found in the G-GPC-10, which also
increases the strength of the concrete.

Phase-2

G-GPC-6 (GGBS based GPC of 6 Molar)

G-GPC-14 (GGBS based GPC of 14 Molar)

G-GPCH

G-GPC14

The G-GPC specimens exhibits peaks of Quartz.
Peaks of Silicon Oxide are also observed.In the
above Pie chart the Quartz and Silicon oxide are in
higher contents GGBS based GPC than the FLY Ash
based GPC.The mix G-GPC-10 containing Quartz and
Silicon Oxide higher, than the FA-GPC, which helped
in strengthening the concrete.Analcime is an extra
compound that found in the G-GPC-10, which also
increases the strength of the concrete. XRD analysis
of the G-GPC’s Specimen showed the presence of
Quartz, Analcime, Anorthite, Mullite, Jadeite and
Albite.The G-GPC specimens exhibits peaks of
syngenite.

Peaks of Thenardite are also

observed.Thenardite occured due to reaction
between Na ions form the NaOH solution with
sulfate ions leading to the formation of sodium
sulfate decahydrate.The presence of the Anorthite
phase indicates that calcium from the aggregate is
reacting with the sodium silicate along with the
alumina silicate forming Anorthite and Albite.Albite
can be associated with the strength enhancement
region of the geopolymer matrix.Thenordite is a
compound which de-hydrates the material and
resist the water absorption, it is also proved
practically by the sorptivity test.

5. CONCLUSIONS
Based on the investigation, the following
conclusions have been drawn.

1. The compressive strength attained by GGBS
based Geopolymer concrete is more than
the Fly ash based Geopolymer concrete.

2. The Sorptivity and XRD analysis proves that
GGBS based GPC absorbs less water due to
its crystalline structure.

3. The reaction of GGBS in geopolymer

concrete with alkaline solution attains
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higher strength and less sorptivity confirms
GGBS is the best suitable material in
Geopolymer concrete compared to fly ash.
The increase in molarity of NaOH leads to
less voids and good crystalline structure
that results in less water absorption.

NaOH plays a major role in attaining the
strength of the concrete, hence it is
recommended 10M concentrations for
medium grade.

The rate of increase in strength after 10
Molar concentration is decreased. So,
considering 10M and 12M as the optimum
dosage for GPC mix.

Based on the molar concentration the
grades of concrete can be designed and
implemented in construction.

The geopolymer concrete can be innovative
supplementary to OPC in construction
material but judicious decisions are to be
taken by engineers.
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