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Abstract— Geopolymer is a green cementitious material and 

has excellent mechanical properties, low energy in its 

production and emits less carbon dioxide. In this paper, the 

effect of silica fume on durability properties of fly ash based 

geopolymer concrete have been investigated by immersing 

the cubes in 2% sulphuric acid and 5% sodium chloride 

solutions. The resistance of specimens to chemical attack was 

evaluated visually, measuring change in the weights and 

percent losses in compressive strength at different intervals 

of time. A control mix was also cast as M40 with ordinary 

Portland cement concrete for comparison. Percent losses in 

compressive strengths in the case of control (M40) and GPC3 

in 2% H2SO4 at 90 d were found 36 and 8%. Percent losses 

in compressive strengths in the case of control (M40) and 

GPC3 in 5% NaCl at 90 d were 18% and about 0%.Thus the 

resistance of geopolymer concrete incorporating silica fume 

in sulphuric acid and chloride solution was significantly 

higher than that of the control.  
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I. INTRODUCTION 

Concrete is till now the most popular material for 

construction on earth. To act as binder ordinary Portland 

cement (OPC) is most widely used with other materials like 

water and aggregates. The fact is testified in B.Vijaya 

Rangan?s article “Fly ash based geopolymer concrete” 

through the lines – “the global use of concrete is second only 

to water. As the demand for concrete as construction material 

increases, so also does the demand for Portland cement.” But 

still extensive research works are being conducted around the 

globe to search for an alternative binding agent for concrete 

keeping in mind the effect of cement on environment as well 

as the economy involved. Facts exported from the paper 

“Analysis of geopolymer concrete columns” reveals that the 

amount of carbon dioxide released during the manufacturing 

process of OPC is of the order of every ton for one ton of OPC 

produced. Globally the OPC production contributed to 

around seven per cent of carbon dioxide. Moreover cement is 

a costly binder material. Geopolymer is such an alternative 

construction material which can act as a binder replacing 

cement. It mainly makes use of waste or byproduct 

substances like fly ash which is cheap and will reduce 

environmental pollution to a large extent. Fly ash based 

geopolymer concrete is a new product in which no cement is 

used and geopolymer paste acts as only binder .Fly ash is 

available in plenty. In 1998 worldwide production of fly ash 

was estimated to be 390 millions tons of which only 14% was 

used. Now it is estimated to be around 800 million tons. 

Recent research works have focused on the properties of fly 

ash based geopolymer concrete. The results of these studies 

have shown potential use of geopolymer concrete as a 

construction material. It possesses good qualities such as high 

strength, very little drying shrinkage, low creep, durable 

nature etc. to be used as an alternative of OPC 

II. DIFFERENCE BETWEEN TWO MAJOR MINERAL 

(METAKAOLIN AND FLY ASH) ADMIXTURE BASED 

GEOPOLYMERS 

Mineral admixture like fly ash or metakaolin when mixed 

with geopolymer binder can impart several good qualities to 

the concrete. But we have to remember here that there are 

some critical differences between the two mainly in respect 

of their source of derivation and manufacture. Metakaolin is 

synthesized by dehydroxylation of phase pure Kaolin. Some 

commercial metakaolin may contain certain impurities like 

muscovite and titanium oxide but the basic structure of it is 

that of disrupted phyllosilicate structure containing aluminum 

and silicon. Properties can be predicted in case of Metakaolin 

based geopolymers. Particle size is generally less than five 

micrometer. Dispersion of particles during mixing affects 

flowability and other properties like degree of reaction. It has 

been shown that there is little difference in reaction of 

metakaolin based geopolymer with variation of raw material 

surface area. 

On the contrary fly ash is completely an industrial 

by product and obtained mainly from burning of coal. Since 

the particles solidify while suspended in the exhaust gases, 

fly ash particles are generally spherical in shape and range in 

size from 0.5 µm to 100 µm. They consist mostly of silicon 

dioxide (SiO2), which is present in two forms: amorphous, 

which is rounded and smooth, and crystalline, which is sharp, 

pointed and hazardous; aluminum oxide (Al2O3) and iron 

oxide (Fe2O3). Fly ashes are generally highly heterogeneous, 

consisting of a mixture of glassy particles with various 

identifiable crystalline phases such as quartz, mullite, and 

various iron oxides. Based upon composition there are two 

types of fly ashes- Class C and Class F. Class C fly ashes 

contain cementitious particles and set once they come in 

contact with water. Generally Class F fly ashes are used as 

construction material along with geopolymer binder. Since 

there is inhomogeneity in fly ash it implies that care must be 

taken while preparing a mix design to utilize it in an optimal 

manner for construction. In this paper we will mainly focus 

on fly ash based geopolymer- its durability and scope of 

applications. 

III. PROPERTIES OF FLY ASH- GEOPOLYMER THAT 

CONTRIBUTES TOWARDS DURABILITY 

Geopolymer is a combined product of aluminum and silicon. 

It is produced by geochemistry process. Fly ash based 

geopolymers use fly ash as the material which acts as source 

of silicon and aluminum for reaction by an alkali to make 

silicon and aluminum atoms to form geopolymer paste. When 

fly ash based geopolymer acts as a binder material, fly ash 

takes part in the reaction to form alumino-silicate binder. It 
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binds components such as aggregate together to form 

geopolymer concrete. From various works it has been found 

that in any geopolymer concrete aggregates occupy 75-80% 

by mass. 

Experimental study reveals that water exists as free 

water inside the structure. So it justifies that crystalline 

hydrate form will be absent in the material. Compared to 

OPC, porosity is higher in fly ash based geopolymer concrete 

owing to the dissolution of original fly ash particles. This is a 

negative aspect as foreign substance may enter the concrete 

through pores and harm durability of the material. Presence 

of gypsum reduces porosity but excess is not advisable since 

it may cause volume instability.  

Positive aspect that arises when we use fly ash based 

geopolymer concrete is the absence of transition zone which 

is present in Portland cement and ingress of foreign 

substances may occur through transition zone. Research by 

Frantsek Skvara et al states that there happens almost no 

significant change in geopolymer composition as it happens 

in case of ordinary Portland cement concrete. Another 

advantage that fly ash based geopolymer concrete has, to be 

used as a durable material, is the effect of age on its 

compressive strength. Strength remains almost constant or 

unaltered over age of concrete whereas strength of OPC 

increases with time but there is a little difference between the 

ultimate strength of the two. The reason is perhaps the fast 

process of geopolymerisation. Fly ash concrete gains high 

early strength compared to OPC. 

Unlike OPC shrinkage is not observed in case of fly 

ash based geopolymer concrete. This greatly contributed to 

durability. According to Frantsek Skvara et al ratio of 

compressive strength and tensile strength is around 10:5.5 

unlike OPC where the ratio is around 10:1. It shows that 

geopolymer concrete possesses considerable resistance to 

tensile forces which are responsible for cracking and other 

issues in concrete structures. Water- geopolymer fly ash ratio 

is analogous to water-cement ratio. Higher this ratio is, lower 

is the strength of fly ash based geopolymer concrete. Another 

factor that contributes towards durability is the splitting 

tensile strength of fly ash geopolymer concrete. This 

parameter is quite higher than what it is in case of OPC. It has 

been shown from morphological study that use of soluble 

silicates in geopolymer results in a denser interfacial 

transition zone (ITZ) between aggregates and geopolymer 

matrix as compared to cement matrix 

IV. DURABILITY OF FLY ASH GEOPOLYMER CONCRETE 

From basic concept durability is defined as the capability of 

concrete to resist weathering action, chemical attack and 

abrasion while maintaining its desired engineering properties. 

It normally refers to its lifespan of trouble free performance. 

Durability is not always an absolute property since different 

concrete requires different degrees of durability depending 

upon its use. To discuss about durability of fly ash based 

geopolymer concrete we here discuss in a bit detail about its 

resistance to sulphate and chloride attack, high temperature 

resistance and resistance against freezing and thawing action. 

We also discuss in brief about creep and drying shrinkage and 

alkali aggregate reaction of fly ash geopolymer concrete. 

 

V. CONCLUSIONS 

Fly ash based geopolymer concrete possesses the improved 

qualities to be used widely for any construction purpose. 

Geopolymer mixed concrete develops a glossy surface that 

can give a good appearance if used in constructing floors and 

walls. Act ivation by alkali gives rise to material with varied 

properties from that of OPC and make fly ash based 

geopolymer concrete more fire resistant and resistant against 

abrasion and cracking. Since fly ash is only a byproduct 

material found from industrial wastes cost of such 

geopolymer concrete is less than or at most equal to OPC 

concrete which uses expensive cement as binder material. 

According to Djwantoro Hardjito et al “ If one considers the 

impact of the possible carbon di oxide tax on the price of 

cement and environmental advantage of utilization of fly ash 

, the geopolymer concrete may prove to be economically 

advantageous”. It has been stated earlier that ratio of 

compressive and tensile strength of fly ash based geopolymer 

concrete is 10:5.5 unlike OPC where the ratio is 10:1. It 

means that brittleness of concrete is reduced to a considerable 

extent and can withstand more tensile stress without much 

reinforcing steel. Use of fly ash geopolymer also helps in 

rapid development of strength and so it can be used in 

underwater structures where early strength and rapid setting 

is necessary. Geopolymer concrete based on fly ash gain a 

very high compressive strength in the first few hours of alkali 

activation (60-70 MPa after 24 hours).Its resistance against 

sulphate and chloride attack makes it suitable to be used for 

construction in abrasive soils where ground water contains 

considerable amount of chloride and sulphate salts. Also fly 

ash based geopolymer concrete possesses improved 

rheological properties. Both static and dynamic viscosity is 

high when fly ash is used. So it also helps in easy 

transportation and handling of geopolymer concrete with the 

use of low water-cement ratio and less vibration. But it should 

also be remembered at the same time that fly ash is an 

industrial waste and mostly inhomogeneous. The 

inhomogeneity means that proper care should be taken in 

respect of quantity of mixing and methods while working 

with fly ash geopolymer concrete. 
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