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Abstract: Geopolymerization is a  developing  field  of  research  for  utilizing  solid  waste  and  by-products.
It provides a mature and cost-effective solution to many problems where hazardous residue has to be treated
and stored under critical environmental conditions. Geopolymer involves the silicates and aluminates of by-
products to undergo process of geopolymerization. The experiments includes casting Geopolymer Concrete
(GPC) specimens with constant weight of fly ash, sand, coarse aggregate and alkaline liquid (48% by weight
of  fly  ash)  and  varying  ratio  of alkaline activators (NaOH : Na SIO ) &different type of super plasticizers.2 3

The GPC cube specimens were cured at varying temperature of 60°, 80° & 90°for the maximum period of 24 hours
with minimum rest period of one hour. The influence of alkaline activators with equal dosage of admixture and
elevated temperature in the mechanical properties of geopolymer concrete has been studied. 48% of sodium
hydroxide solution was used as alkaline activators along with commercial grade sodium silicate at varying mix
proportions and varying curing temperature for preparing Geopolymer concrete. The test reported was used
to ascertain the strength of GPC specimens at early age of 2days with heat curing. Companion specimens of
concrete cubes, cylinders and prism were tested for compressive strength, split tensile strength and flexural
strength. The results indicate that the combination of the geopolymer Trail Mix 4 at 90°C oven curing for 2 days
with minimum one hour rest period has positive impact on mechanical properties.

Key words:Geopolymerization  Sodium Hydroxide  Sodium Silicate  Low Calcium (Class F) Flyash &
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INTRODUCTION increased in the year 2020, from 320 million tons to 550

Portland cement concrete is one of the most widely production involves emission about one tone of CO
which is a green house gas causing global  warming.

as a construction material increases, so also the demand More over fly ash utilization in India is only around 55%
for Portland cement. It is estimated that the production of of total fly ash generated quantity of around 133 million
cement will increase from 1.5 billion tons in 1995 to 2.2 tones. Several studies have been carried out to  reduce
billion tons in 2010 [1]. Among the greenhouse gases, CO the use of Portland cement in concrete to address the2

contributes about 65% of global warming. The cement global warming issues. In this respect, the geopolymer
industry is held responsible for some of the CO technology proposed by shows considerable promise for2

emissions, because the production of one ton of Portland application in concrete industry as an alternative binder
cement emits approximately one ton of CO  into the to the Portland cement. In terms of reducing the global2

atmosphere [2-4]. Totally 34 billion tones of CO emitted warming, the geopolymer technology could reduce the2

globally in 2011 and India contributing CO emission of CO  emission to the atmosphere caused by cement and2

6%. Indian cement production capacity is likely to be aggregates industries by about 80% [5].

million tons. On the other hand one tone Portland cement
2

used construction materials. As the demand for concrete

2



Middle-East J. Sci. Res., 24 (2): 287-291, 2016

288

Geopolymerand Geopolymer Concrete: Geopolymers are temperature [8]. This work is an intensive study to
a member of the family of inorganic polymers and are a propose a new mix design for producing Low Calcium
chain structures formed on a  backbone  of  Al  and Si Flyash based Geopolymer Concrete (LCFGC) so as to use
ions. The chemical composition of this geopolymer at the early age of just 2 days. Further the mechanical
material  is  similar  to  natural  zeolitic  materials [6- 15]. properties have been studied in the research to determine
The polymerisation process carried by the chemical the mechanism of chemical reaction during setting and
reaction under alkaline condition results in a three hardening.
dimensional polymeric chain consists of Si-O-Al-O bonds
[5]: Materials Used: In this study locally available low calcium

Mn [-(SiO ) z–AlO ] n. wH O was obtained from Kadaieswari Ready Mix Plant,2 2 2

where: M = the alkaline element or cation such as solution and sodium hydroxide solution were chosen as
potassium, sodium or calcium; the symbol – indicates the the alkaline liquid. Sodium hydroxide in pellets form with
presence of a bond, n is the degree of polycondensation 97% purity and sodium silicate solution of 0.1N were
or polymerisation; z is1, 2, 3 ………….32. used. The sodium hydroxide (NaOH) solution was

Geopolymer concrete was made up of low calcium prepared by dissolving the pellets in distilled water.
(class F) fly ash which was activated by sodium hydroxide Preparation of NaOH solution resulted in emission of heat
and sodium silicate solutions bind together with of 60°C. The mass of NaOH solids in a solution varied in
aggregates [6]. the current study as 8, 12 & 14 Molarities. Natural river

Research Significance: The properties of constituent making concrete. The specific gravity test was conducted
materials in the geopolymer concrete will affect the and the result was 2.65 and fineness modulus was 2.25.
hardened concrete strength. Hence it is essential to study As per IS: 383 – 1973 natural river sand was categorized
various properties and use these data to formulate a new under grading zone II. Crushed angular shaped coarse
mix design for geoploymer concrete. The reaction of aggregate of size 20mm and 6mm were used in different
geopolyemerisation is temperature sensitive and further combinations. The specific gravity test results showed
requires  elevated   temperature  curing   under  controlled 2.66 & fineness modulus show 6.40.

fly ash which contains 56.8% Silica and 28.2% Alumina

Coimbatore was used. A combination of sodium silicate

sand passing through 4.75mm IS sieve was used for

Fig. 1: Experimental Programme on Geopolymer Concrete
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Table 1: Trial Mix Proportions

Aggregates (kg) NaOH Solution
------------------------------------- --------------------------------

Trial Mix 20mm 6mm River Sand Fly ash (kg) Mass (kg) Molarity (M) Sodium Silicate (kg) Super Plasticizer (kg) Curing Temperature (ºC)

1. 776 517 702 394 44.8 8 95 3.9 60, 80 & 90
2. 776 517 702 394 44 10 109 3.9 60, 80 & 90
3. 776 517 702 394 16.2 12 112 3.9 60, 80 & 90
4. 776 517 702 394 41 14 103 3.9 60, 80 & 90

Specimen Casting: The aggregates and the fly ash were
mixed in the mixer machine and the alkaline solution
(Na O=14.7%, SiO =29.4% and 55.9% of water, by mass2 2

prepared 24 hrs before casting), the super plasticizer
(CONPLAST SP430) and the water, was added to the
solids and the mixing continued  for  the  required
duration. The fresh concrete was then  cast  in  cube
mould of size 150 mm x 150 mm x 150 mm, cylindrical mould
of size 150 mm x 300 mm and prism of size 100 mm x 100 mm
x 500 mm. Compaction was performed using the vibration
table. After casting, the concrete samples were cured in
oven at 60ºC, 80ºC and 90ºC temperature for two days with
one hour rest period. The trial mixes are listed in Table 1 Fig. 2: Slump Factor of Geopolymer Mixes
and  the  specimen  preparation  process  was  shown in
Fig. 1.

RESULTS AND DISCUSSION

Slump Test: Slump test was carried out for all the trial
mixes to determine the flow ability of the concrete. All the
trail mixes were workable and authors never found any
trouble during mixing. Eventually authors want to point
out that when the molarity of NaOH increases slump
factor decreases accordingly (Fig. 2).

Compressive Strength of Geopolymer Concrete: The Fig. 3: Temperature Effect on Compressive Strength
compressive strength test was carried out with 2000 KN
capacity compression testing machine. The compressive
strength of various trial mixes has been tested and the
graph is shown in Figure 3. The increase in compressive
strength was identified in all trial mixes when the
temperature was elevated (Fig. 3). Hence the bonding
property of the geopolymer concrete is highly
appreciable. Trial mix 4 of elevated temperature 90°C
shows a higher compressive strength of 32.66 N/mm . The2

compressive strength gradually enhances accordance
with NaOH concentration and temperature in all trial
mixes. Super plasticizer was added in equal dosage for
increasing the workability. So the specific impact of super
plasticizer has not been identified. Fig. 4: Temperature Effect on Split Tensile Strength
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Fig. 5: Temperature Effect on FlexuralStrength

Split Tensile Strength of Geopolymer Concrete: Thaumaturgo, 2000. Synthesis and Characterization
Cylindrical specimen were tested by the indirect tensile of Materials Based on Inorganic Polymers of Alumina
test method using compression testing machine for all the and Silica: Sodium Polysialate Polymers, International
trial mixes and the graph was drawn (Fig. 4). The strong Journal of Inorganic Materials, 2(4): 309-317.
and gradual increment in split tensile strength was found 2. Cheng, T.W. and J.P. Chiu, 2003. Fire-resistant
in all the trial mixes and mix 4 of 90°C temperature curing Geopolymer Produced by Granulated Blast Furnace
performed better than all the mixes with 2.02 N/mm . Slag, Minerals Engineering, 16(3): 205-210.2

Flexural Strength of Geopolymer Concrete: The prism polymeric new materials, Journal of Thermal
specimens of various trail mixes were tested in the flexural Analysis, 37: 1633-1656. 
testing machine. The results show a gradual strength 4. Davidovits, J.,  1994. Properties of Geopolymer
enhancement in all trial mixes. Similarly here also mix 4 Cements, Paper presented at the First International
proves better flexural strength than other mixes (Fig. 5). Conference on Alkaline Cements and Concretes, Kiev

Here it was evident in the Fig. 3 - Fig. 5 that 14M State Technical University, Kiev, Ukraine.
NaOH  concentration  with  90°C  temperatures  curing  of 5. Davidovits, J., 1999. Chemistry of Geopolymeric
2 days with one hour rest period performs better in all Systems, Terminology, Geopolymer. International
indispensible strength. Hence increase in temperature Conference, France.
curing will increases the mechanical properties of 6. Fernandez-Jimenez, A. and A. Palomo, 2003.
geopolymer concrete. Further it is clearly understood  that Characterization of Fly Ash: Potential Reactivity
the increase in sodium silicate will enhance the mechanical Alkaline Cements. Fuel, 82(18): 2259-2265.
properties of geopolymer concrete. 7. Gourley, J.T., 2003. Geopolymers: opportunities for

CONCLUSION Conference on Adaptive materials for a modern
society, Sydney, Institute of Materials Engineering,

The current investigation concludes that Australia.
Geopolymer concrete provides good increment in 8. Hardjito, D., S.E. Wallah, D.M.J.  Sumajouw   and
mechanical properties within two days of casting. B.V. Rangan, 2004. On the development of fly ash
Hence highly recommended for precast elements. based  geopolymer  concrete, ACI Mat Journal,
The elevated temperature in curing of geopolymer 101(6): 467-472.
concrete showcases high acceptability by providing 9. Malhotra, V.M. and P.K. Mehta, 1996. Pozzolanic and
high compressive, tensile and flexural strength in all Cementitious Materials, Taylor & Francis.
the trial mixes cast. 10. Palomo, A., M.W. Grutzeck and M.T. Blanco, 1999.
The slump value of geopolymer reduces when there Alkali-Activated Fly Ashes, A Cement for the Future,
was an increase in alkaline liquid. Hence the role of Cement and Concrete Research, 29(8): 1323-1329.

super plasticizer is essential to maintain the
workability when alkaline activators’ concentration is
higher.
Geopolymer concrete is economical because of
recycled product usage further it becomes a solution
for waste management.
Geopolymer concrete will reduce the usage of cement.
Hence this product will avoids the emission of green
house gases and provides eco-friendly environment
to the mankind.
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