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ABSTRACT 
This paper presents the comparison of some physic-mechanical properties of cement paste, cement mortar and 

Geopolymer specimens. Geopolymer paste specimens are prepared by mixing fly ash with an alkaline activator solution. 

Physico-mechanical properties included the compressive and indirect tensile strengths, the bulk density, water 

absorption, sorptivity and apparent porosity etc. Results indicate higher compressive and tensile strengths for cement 

mortar specimens.  However, it was observed that geopolymer specimen with a higher Na2O content could produce high 

strengths and better properties than cement paste specimen. 
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1. INTRODUCTION 
Concrete usage around the world is second only to water. Ordinary Portland cement (OPC) is conventionally 

used as the primary binder to produce concrete. The environmental issues associated with the production of 

OPC are well known. The amount of the carbon dioxide released during the manufacture of OPC due to the 

calcination of limestone and combustion of fossil fuel is in the order of one ton for every ton of OPC 

produced. In addition, the extent of energy required to produce OPC is only next to steel and aluminium. On 

the other hand, the abundant availability of fly ash worldwide creates opportunity to utilize this by-product of 

burning coal, as a substitute for OPC to manufacture concrete. When used as a partial replacement of OPC, in 

the presence of water and in ambient temperature, fly ash reacts with the calcium hydroxide during the 

hydration process of OPC to form the calcium silicate hydrate (C-S-H) gel. The development and application 

of high volume fly ash concrete, which enabled the replacement of OPC up to 60% by mass (Malhotra 2002; 

Malhotra and Mehta 2002), is a significant development. In 1978, Davidovits proposed that binders could be 

produced by a polymeric reaction of alkaline liquids with the silicon and the aluminium in source materials of 

geological origin or by-product materials such as fly ash and rice husk ash. Palomo et al (1999) suggested that 

pozzolans such as blast furnace slag might be activated using alkaline liquids to form a binder and hence 

totally replace the use of OPC in concrete. In this scheme, the main contents to be activated are silicon and 

calcium in the blast furnace slag. The main binder produced is a C-S-H gel, as the result of the hydration 

process. The production of cement is increasing about 3% annually (McCaffrey 2002). The production of one 

ton of cement liberates about one ton of CO2 to the atmosphere, as the result of de-carbonation of limestone in 

the kiln during manufacturing of cement and the combustion of fossil fuels (Roy 1999). 

The contribution of Portland cement production worldwide to the greenhouse gas emission is estimated to be 

about 1.35 billion tons annually or about 7% of the total greenhouse gas emissions to the earth’s atmosphere 

(Malhotra 2002). Furthermore, it has been reported that the durability of ordinary Portland cement (OPC) 

concrete is under examination, as many concrete structures, especially those built in corrosive environments, 

start to deteriorate after 20 to 30 years, even though they have been designed for more than 50 years of service 

life (Mehta and Burrows2001). One of the efforts to produce more environmentally friendly concrete is to 

reduce the use of OPC by partially replacing the amount of cement in concrete with by-products materials 

such as fly ash. As a cement replacement, fly ash plays the role of an artificial pozzolana, where its silicon 

dioxide content reacts with the calcium hydroxide from the cement hydration process to form the calcium 

silicate hydrate (C-S-H) gel. 

The objective of the present study is to develop a geopolymer based on fly ash by activating it with a solution 

of sodium hydroxide and sodium silicate. Also, the study of the physico-mechanical properties of low calcium 

fly ash geopolymer and to compare with the physico-mechanical properties of OPC paste and mortar.   
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2. EXPERIMENTAL PROGRAM 
 

2.1       Materials and preparation of specimens 

Low calcium Class F fly ash used in the present experimental program was procured from Kolaghat Thermal 

Power Plant near Kolkata, India. It had chemical composition as given in Table-1. About 75% of particles 

were finer than 45 micron and Blaine’s specific surface was 380m
2
/kg. The alkaline activating solution used 

in the manufacture of fly ash based geopolymer composites was a mixture of sodium hydroxide solids, sodium 

silicate solution and water. Sodium hydroxide (NaOH) solids were laboratory grade in pellet form with 98% 

purity having a specific gravity of 2.15. Sodium silicate (Na2SiO3) solution had a chemical composition of 

Na2O=8%; SiO2=26.5% and water=65.5% and bulk density of 1410 kg/m3. Both the chemicals were supplied 

by Loba Chemie Ltd, India. The resulting activator solution was left in ambient temperature for one day 

before using in the preparation of geopolymer mix. Fine aggregate used in the preparation of mortar 

specimens was local river sand having specific gravity and fineness modulus as 2.6 and 2.98 respectively. The 

sand was washed to remove any dirt and was used in saturated surface dry condition for making geopolymer 

mortar specimen. In a Hobart mixer, fly ash was mixed with fine aggregate (sand) and measured quantity of 

activator solution for 5 minutes. The geopolymer mix exhibited a thick sticky nature with good workability. 

The mix was then transferred into 50 mm steel cube moulds and vibrated for 2-3 minutes. These were cured 

along with the moulds in an oven for a period of 24 hours at 85
o
C and allowed to cool inside the oven.  

 

Table-1: Composition of Fly Ash (mass %) 

                                                                                        

2.2 Testing  

The basic purpose for testing of geopolymers is to investigate the engineering properties of low calcium fly 

ash based geopolymer composites and to characterize the mineralogy and microstructure of the specimens 

manufactured with different Na2O and SiO2 content. Relevant Indian standard codes of practice have been 

followed for the tests. However, some tests were also performed based on the ASTM standard specifications. 

The details of specimens are given in Table-2. Except for split tensile tests, all other specimens are cubes 

(50x50x50 mm). For split tensile strength test, cylinder specimens of 100x200 mm was used. 
 

Table-2: Details of test specimens 

Spec. ID Cement Fly ash Sand Water/Binder 

ratio 

% Na2O % SiO2 

CP 1000 ---- ---- 0.33 ---- ---- 

CM 1000 ---- 1000 0.33 ---- ---- 

GP1 ---- 1000 ---- 0.33 6.0 6.0 

GP2 ---- 1000 ---- 0.33 8.0 6.0 

 

3. RESULTS AND DISCUSSION 
 

3.1    Bulk Density 

Figure 1 presents the graphical comparison of bulk density for all the specimens. It can be observed that the 

bulk density of cement mortar specimen (CM) is maximum and the bulk density of geopolymer paste 

specimen GP1 is minimum. Bulk density of cement mortar is higher due to the inclusion of sand in the 

specimen. GP1 specimen gives lowest bulk density due to the low amount of alkali (6% Na2O) in the activator 

solution which is not sufficient to completely break down the fly ash to form geopolymer gel. However, when 

the Na2O content is increased to 8% in GP2 specimen, the bulk density is increased due to greater dissolution 

of fly ash thereby forming better geopolymer gel.  

 

SiO2 Al2O3 Fe2O3 TiO2 CaO MgO K2O Na2O SO3 P2O5 LOI* 

56.01 29.8 3.58 1.75 2.36 0.30 0.73 0.61 Nil 0.44 0.40 

                             * loss on ignition 
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Figure 1: Bulk density of specimen 

 

3.2    Apparent Porosity 

A simple test to represent porosity of specimens is by way of determining the apparent porosity. The values of 

apparent porosity is graphically presented in Figure 2. From the results, it can be noticed that cement mortar 

specimens CM has the lowest porosity of only 5%. Cement paste specimen CP shows slightly higher porosity. 

However, geopolymer specimens GP1 and GP2 indicates higher porosity  which can be attributed to low 

formation of geopolymer gel due to insufficient Na2O content in the activator solution. In case of GP2 

specimen, the apparent porosity is drastically reduced when compared to GP1 specimen as it contains higher 

Na2O in the activator solution. 

 
Figure 2: Apparent Porosity of specimen 

 

3.3    Water Absorption 

Water absorption test is a simple test but has a lot of significance. Figure 3 present the water absorption values 

for the specimens. It can be observed that cement mortar specimen has very low water absorption of 1.15% 

whereas geopolymer specimen GP1 shows a relatively high value of 9.97%. GP1 specimen also recorded 

highest porosity and this is the reason for high water absorption. In GP2 specimen, the porosity is lower and 

hence the water absorption is also lower compared to GP1 specimen. In the geopolymer, the properties can be 

improved by increasing the quantity of Na2O and SiO2 in the activator solution. 

 

 
 

Figure 3: Water Absorption of specimen 
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3.4    Water Sorptivity 

Water sorptivity is a property which indirectly indicates the durability of a specimen. Water sorptivity is 

determined for all the specimens and presented in Table-6. Figure 4 shows the cumulative water absorbed per 

unit area against square root of time. For finding the sorptivity, the slope of the initial straight portion of all 

the curves are found out which gives the values of sorptivity. GP1 specimen has highest sorptivity of all due 

to its high porosity. However, GP2 specimen shows lowest sorptivity which can be beneficial in its resistance 

to adverse effects of exposure to acids and sulphates. 
 

Table-6: Water Sorptivity of specimen 

 
                                                                        Figure 4: Cumulative water absorbed vs √t 

 

3.5    Compressive Strength 

For measuring the compressive strength of specimens, the cement paste and mortar specimens were tested at 

the age of 28 days while the geopolymer specimens were tested after 7 days from casting. The values recorded 

for the compressive strength are the average of 3- samples. Figure 5 shows the result of compressive test 

conducted on the different specimens. From the results obtained in the test, it is found that CM has the highest 

compressive strength of 42.67 MPa and GP1 gives the lowest compressive strength of 16 MPa. The 

compressive strength of GP2 specimen (28.44 MPa) is slightly higher than the cement paste specimens (28 

MPa). Compressive strength of geopolymer specimens will be higher if tested after 28 days. The test on 

geopolymers was conducted at 7 days to show the early development of mechanical strength. 

 
Figure 5: Compressive strength of the specimen 

 

3.6    Split Tensile strength 

The split tensile strength for all the specimens are determined and presented in Figure 6. It is  observed that 

CM has the highest value of split tensile strength. CM also recorded the highest compressive strength among 

the four specimens. CP has a value of split tensile strength less than half the value of CM. For geopolymer 

Specimen Sorptivity (g/mm
2
/min.

0.5
) 

CM 0.693x10
-4

 

CP 0.739x10
-4

 

GP1 1.934x10
-4

 

GP2 0.475x10
-4
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paste specimens, GP1 recorded almost equal split tensile strength with CP. However, GP2 specimen presented 

a relatively high value of split tensile strength. It may be noted that the split tensile strength can be improved 

by increasing the Na2O content in the geopolymer.  

 
Figure 6: Split tensile strength of specimens 

     

4.    CONCLUSION 

1) The bulk density of cement mortar is higher than those of cement paste and geopolymer specimens. 

However, the bulk density of geopolymer paste specimen increases with increase in Na2O content. 

2) Apparent porosity of geopolymer paste specimens is higher in comparison to those of cement mortar 

and cement paste due to incomplete breakdown of fly ash particles and hence lesser formation of 

geopolymer gel. 

3) Among the specimens in the present study, water absorption of geopolymer specimens are higher 

which can be attributed to its higher porosity. 

4)  Geopolymer specimen when manufactured with higher Na2O content results in lower water 

sorptivity. This is an advantage in the durability property of geopolymers. 

5) Compressive strength of cement mortar is comparatively higher than those of geopolymer specimens. 

However, geopolymer specimen can give sufficient strength for construction work even at the age of 

7 days.  

6) Though cement mortar gives highest split tensile strength among the specimens tested, geopolymer 

specimen prepared with higher alkali content can result in improved tensile strength. 

7) From the present limited study, it can be concluded that geopolymer can be more beneficial in terms 

of cost as fly ash is a waste material. Geopolymer of desired properties can be manufactured by 

varying the components such as Na2O content, SiO2 content etc. 
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