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Abstract— The production of OPC is responsible for about 

7% of the world’s CO2 emission, a major contributor to the 

green house effect which is implicated in global warming 

and climatic changes, lead to the search for more 

environmentally viable alternative to cement. One of those 

alternative materials is alkali activated slag (AAS). Where 

alkali activated slag is used not as partial replacement to 

cement but as a sole binder in the production of concrete. 

The overall aim of the study was to investigate the potential 

of alkali activated slag as the sole binder in producing 

concrete. The performance of alkali-activated slag concrete 

with sodium silicate, sodium hydroxide, sodium carbonate, 

potassium hydroxide as activator are used at 4%  Na2O & 

K2O (by weight of slag) and 4% of  hydrated lime by weight 

of slag if used as retarder. The scope of the work covered 

four mixes: a normal OPC mix, four AAS slag mixes of the 

same binder content and the same water binder ratio, the 

coarse aggregates are replaced by the 10% recycled 

aggregates. The fresh concrete properties studied were 

setting time and workability in terms of slump. The 

Engineering properties studied were compressive, split 

tensile strength and flexure strength measured in 1, 3, 7, 14, 

28, 56 and 90days. The AAS concrete with different 

activators investigated was found to achieve very good 

workability which was higher or comparable with that of 

OPC. The addition of hydrated lime to AAS mix was 

resulted in decrease in workability. Water-glass (Na2SiO3), 

NaOH activated slag mixes sets very quickly. AAS concrete 

is much more sensitive to curing where if there is no 

addition of retarder (hydrated lime) to the mix. Among AAS 

mix, NaOH was the best; KOH was the second; Na2SiO3 was 

third; and Na2CO3 was the fourth in terms of compressive 

strength. Na2SiO3was best; KOH was the second; Na2CO3 

was third; and NaOH was the fourth in terms of split tensile 

strength. KOH was the best; NaOH was the second; Na2CO3 

was third; Na2SiO3 was fourth in terms of flexure strength. 

Key words: Alkali Activated Slag, Sodium Silicate, Sodium 

Hydroxide, Sodium Carbonate, Potassium Hydroxide 

I. INTRODUCTION 

Although the greenhouse effect is a natural phenomenon, 

where the gases in the atmosphere trap the radiation of earth 

maintaining an average temperature of 15 degree centigrade, 

the extra greenhouse effect by human activity is a big 

problem, because as per the Environmental scientists, the 

Global warming caused by greenhouse effect lead to 

flooding and other climatic changes by the increase in 

earth’s temperature. The concentration of “green house 

gases” has been increasing continuously for the last three 

decades. Representatives for more than 160 Governments 

met in Kyoto protocol that called for developed countries to 

reduce emissions of greenhouse gases on average by 5.2% 

below 1990 levels by the years 2008 - 2012.Carbon dioxide 

is among these green house gases. Portland cement clinker 

is made from calcinations of limestone and siliceous 

material where de-carbonation occurs according to reaction: 

CaCO3 CaO + CO2 

 The total emission of CO2 per kg of cement clinker 

produced is 0.53 kg from the decarbonisation of calcite, plus 

0.33 kg from the burning process plus 0.12kg from the 

generation of electrical power required, making a total of 

0.98kg. Therefore, for every ton of cement clinker produced, 

an approximately equal amount of carbon- dioxide is 

released into the atmosphere (Davidovits, 1991). The world 

cement industry contributes some 7% to the total man-made 

CO2 emission (Malhotra, 1999). This leads to the search for 

more environmentally viable alternatives to Portland 

cement. One of these alternative   materials is alkali-

activated slag (AAS), in which ground granulated blast-

furnace slag (GGBS) is used not as a partial replacement for 

cement but as a sole binder itself in the production of 

concrete. This will produce an environmentally friendly 

concrete. The use of slag cement has advantages due to its 

excellent cementations properties over ordinary Portland 

cement (OPC). Various studies had investigated ways to 

enhance the reactivity of the slag. One of the economic ways 

of activation is alkali activation. The alkalis that are going to 

be used in this dissertation are water glass (Na2SiO3), 

sodium carbonate (Na2CO3) and sodium hydroxide (NaOH). 

There are many types of slag like granulated blast-furnace 

slag, electro thermal furnace phosphorous slag and steel slag 

but GGBS is generally used. Slag has latent hydraulic 

properties. If GGBS is placed in water alone, it dissolves to 

a small extent but a protective film deficient in Ca2+ is 

quickly formed, which inhibits further reaction. The reaction 

continues if the PH is kept sufficiently high. The pore 

solution of a Portland cement, which is essentially one of 

alkali hydroxides, is a suitable medium. The supply of K+ 

and Na+ ions is limited, but these ions are only partially 

taken up by the hydration products, and the presence of 

calcium hydroxide ensures that the supply of OH- ions is 

maintained. The slag can be similarly activated by OH- ions 

supplied in other ways such as addition of sodium hydroxide 

or silicate. 

II. LITERATURE REVIEW 

Slag has latent hydraulic properties. If GGBS is placed in 

water alone, it dissolves to a small extent, but a protective 

film deficient in Ca2+ is quickly formed, which inhibits 

further reaction. Reaction continues if the pH is kept 

sufficiently high. The pore solution of a Portland cement, 

which is essentially one of the alkali hydroxides, is a 

suitable medium. The supply of K+ and Na+ ions are 

limited, but these ions are only partially taken up by the 

hydration products, and the presence of solid calcium 

hydroxide ensures that the supply of OH- is maintained. 

Similarly the slag can be activated by the supply of OH- 

ions in other ways, such as the addition of sodium silicate or 
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hydroxide (Taylor, 1997). This show that slag can be 

activated not only by OPC but also chemical alkalis 

introducing the concept of alkali-activated slag (AAS). AAS 

cement is composed of ground slag and an alkali 

component. The slag may be granulated blast furnace slag, 

electro thermal furnace phosphorous slag and steel slag. Of 

these granulated blast furnaces slag is most common type of 

slag used. The alkalis can be any sort of alkali hydroxide 

(MOH), silicic salts of M2O.(n)SiO2 and non silicic salts of 

weak acids (M2CO3, M2S, MF) type as well as combinations 

of these, where M stands for an alkali metal such as Na, K, 

Li. Of these alkalis, sodium silicate (Na2SiO3) is the most 

effective activator (Wang et al., 1995). 

 Alkali-activated slag cements using granulated 

blast-furnace slag were invented by Glukhovsky and 

patented in 1958. A review given by Glukhovsky (1980) 

commented that alkali-activated slag cements had been 

introduced into construction practice in the USSR in 1960 

and in Poland in 1972. Alkali-activated slag have been 

employed on a limited scale as oil well cements and as a 

roof support system in mine applications in South Africa 

and Canada. Industrial experience of precast products 

utilizing these cements is widespread in Eastern Europe, 

Finland and France (Talling and Brandstetr, 1989). Research 

in China has confirmed the high strength of these systems 

(Wang, 1991). 

 High compressive strength can be achieved with 

AAS concrete using optimum conditions in terms of 

activator dosages and quality control. Strengths of AAS 

concrete from 60 MPa to 150 MPa can be achieved without 

chemical additives. High early strength can be achieved with 

AAS systems (Wang et al., 1994). (Atis et al., 2007) 

concluded that slag mortar activated with LSS results with 

comparable or higher compressive and flexural tensile 

strength than that of PC mortar, depending on SiO2/Na2O 

ratio module and sodium concentration. 

 Strength development of AAS concrete is difficult 

to control compared to OPC concrete. Strength variations 

occur due to the sensitivity of this type of concrete to 

different variables that make the control of mix quality 

difficult and no standard or empirical method of design has 

been agreed as yet. 

 The alkali activated slag concrete has many 

advantages in its beneficial use in terms of saving energy 

and as an environmentally viable alternative to OPC 

concrete. The best alkali activator is Water glass (Na2SiO3) 

with Ms between 0.75 and 1.5 and Na2O dosage between 4-

8 % in terms of compressive strength and flexural tensile 

strength. Sodium carbonate is best activator for comparing 

fresh concrete properties (setting time, workability) and 

engineering properties(strength and drying shrinkage) with 

dosage of 4,6 and 8% of Na2O with respect to slag when 

there is no retarding agent (lime) used. The setting rate of 

water-glass activated slag paste is high when compared to 

the NaOH activated slag paste and Na2CO3. 

III. MATERIALS 

A. Cement 

Ordinary Portland cement, conforming to the requirements 

of – IS 12269: 1987 was used in this investigation. 

B. Slag 

The ground granulated blast-furnace slag (GGBS) used was 

obtained from the Toshali cements pvt. Ltd., It complied 

with BS: 6699-1992. 

C. Sodium Silicate Powder (Water-glass) 

Powder form of sodium silicate was used in the 

investigation. It has a molecular ratio SiO2: Na2O (Ms) 

=3.21 with 29.2% of SiO2 and 9.1% of Na2O by weight. 

D. Sodium Hydroxide Pellets 

Sodium hydroxide pellets. It is 97 % pure. The pellets are 

used to make solution of required dosage in water. 

E. Sodium Carbonate 

Sodium carbonate powder. It is almost 99.5 % pure. The 

powder is used to make solution of required dosage in water. 

F. Potassium Hydroxide Pellets 

Potassium hydroxide pellets. It is 97 % pure. The pellets are 

used to make solution of required dosage in water. 

G. Coarse Aggregate 

The coarse aggregate is defined as that retained on 4.75 mm 

IS sieve. To increase the density of the resulting concrete 

mix, the coarse aggregate is frequently used in two or more 

sizes. Two types of aggregates with different sizes have 

been used in the present study. The details of the same are as 

below: 

 Aggregate passing 20 mm sieve 

 Aggregate passing 10 mm sieve. 

 The coarse aggregate used were washed and kept in 

water for 24hr to remove dust and dirt and were dried to 

surface dry condition. 

H. Fine Aggregate 

IS: 383-1970 defines the fine aggregate, as the one passing 

4.75mm IS sieve. The fine aggregate is often termed as a 

sand size aggregate. Locally available riverbed sand was 

used in the present study. The per cent passing 600 micron 

sieve = 62.35. The sand conforms to grading Zone – III as 

per IS: 383 – 1970 respectively. 

I. Water 

Water Available in our lab is used in this investigation. 

IV. RESULTS AND DISCUSSIONS 

A. Compressive Strength 

Compressive strength is an important criterion used to 

evaluate the quality of concrete. It is usually the value that 

the structural design of concrete is based on. This section 

gives details of the investigation carried out to evaluate the 

compressive strength of OPC, and AAS concrete with 

different activators. 150x150x150 mm cubes were prepared 

according to mix procedure given in Section 4.2. The 

compressive strength is determined by following (IS 456: 

2000) and two samples were tested for each different age. 

Cubes from the mixtures listed in Table 4.1 were tested for 

1, 3, 7, 14, 28, 56 and 90 days, and the average results are 

reported. All the above-mentioned specimens were cured 

under water curing (WC). 
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1 

Day 

3 

Days 

7 

Days 

14 

Days 

28 

Days 

56 

Days 

90 

days 

CM 9.5 18.28 25.08 28.18 38.90 39.44 41.5 

SS4 9.46 12.67 18.87 22.82 30.09 32.42 37.8 

SH4 8.85 11.71 18.31 23.80 31.95 35.8 39.7 

SC4 5.73 9.48 15.03 18.20 26.15 29.9 34.3 

KH4 8.26 10.27 14.5 20.45 30.85 34.2 38.4 

Table 1: Compressive Strength (Mpa) Values of All Mixes 

at Different Curing Ages 

 
Fig. 1: Variation in Compressive Strength for all the Mixes 

with Curing Ages 

 It can be seen in Figure 6.1 that NaOH with a 

dosage of 4% Na2O weight of slag achieved higher 

compressive strength (39.7 MPa at 90 days respectively in 

water curing) in comparison with all the other mixes. KOH 

activated concrete exhibited second highest compressive 

strength (38.4 MPa at 90 days) among alkali-activated 

concrete mixes, Na2SiO3 and Na2CO3 which have 37.8 and 

34.3 MPa strength in case of water cured samples. The 

reviewed literature on AAS concrete (Douglas et al., 1991; 

Gifford and Gillot, 1996; Collins and Sanjayan, 1999; Atis 

et al., 2007) gave variable results with different AAS 

concrete depending on the concrete composition but the 

compressive strength achieved was comparable to that of 

OPC control mixes. 

B. Split Tensile Strength 

Concrete in general is known to be weak in tension leading 

to the use of steel reinforcement in structural concrete. 

Although concretes and mortars are not generally designed 

to resist tension, the knowledge of the tensile strength is 

significant to estimate the load under which the sample will 

crack. There are three types of test for the tensile strength: 

direct tension test, flexure test and splitting tensile test. The 

splitting tensile test is a simple test to perform and it is 

believed that it leads to a close value of direct tensile 

strength. However, it is stated that the splitting tensile test 

yields a low result for mortars (Neville, 1995). As with 

compressive strength, the tensile strength of concrete 

obtained is related to the mix material composition and 

proportion of ingredients. It is greatly affected by curing 

conditions. The splitting tensile strength of all mixes was 

measured using 150 mm Φ X 300 mm long cylinders. The 

test was performed as described by (IS 5816: 1999) and 

three samples were tested at each of the ages 1, 3, 7, 12, 28, 

56 and 90 days for water curing. 

 
1 

Day 

3 

Days 

7 

Days 

14 

Days 

28 

Days 

56 

Days 

90 

Days 

CM 0.39 0.90 2.67 2.82 3.29 3.70 3.96 

SS4 0.26 0.62 1.87 2.04 2.59 2.76 3.79 

SH4 0.24 0.59 1.65 1.87 2.38 2.67 2.98 

SC4 0.25 0.61 1.83 1.98 2.47 2.65 3.01 

KH4 0.26 0.64 1.85 1.96 2.56 2.74 3.51 

Table 2: Split Tensile Strength (Mpa) Values of all Mixes at 

Different Curing Ages 

 
Fig. 2: Variation in Split Tensile Strength for all Mixes with 

Curing Ages 

 The results in above table show that among AAS 

concrete mixes, Na2SiO3 showed the highest value of tensile 

strength around 3.79 MPa at 28 days followed by KOH & 

Na2CO3 (3.51 Mpa & 3.01 Mpa). NaOH showed the lowest 

value (2.98 Mpa). Expect SH4, all the other AAS mixes 

showed comparable values of tensile strength than control 

mix CM. 

C. Flexural Strength Test 

Concrete as we know is relatively strong in compression and 

weak in tension, which leads to failure mostly in tension. 

Therefore, the knowledge of tensile strength of concrete is 

of importance. Direct measurement of tensile strength of 

concrete is difficult. Neither specimens nor testing apparatus 

have been designed which assure uniform distribution of the 

“pull’’ to the concrete. While a number of investigations 

involving the direct measurement of tensile strength have 

been made, beam tests are found to be dependable to 

measure flexural strength property of concrete. This test 

program is included to investigate the flexural strength 

(Modulus of Rupture/ MOR) for AAS concrete in 

comparison to OPC an only at the age of 1, 3, 7, 14, 28, 56 

and 90 days.  Details of the test and the results are presented 

and discussed in this section. The flexural strength of 

concrete mixes was measured according to I.S.9399:1979. 

Samples of 150x150x600 mm were cast in order to perform 

the flexural strength tests and one sample was tested for 

each curing at the age of 1, 3, 7, 14, 28, 56 and 90 days. The 

flexural strength was calculated considering that the 

specimens were placed in a three-point load frame, with 

total free span of 0.6m and the point load will be act at 

center. 
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 1 Day 3 Days 7 Days 14 Days 28 Days 56 Days 90 Days 

CM 10.2 14.90 16.7 16.82 18.37 20.70 23.96 

SS4 5.9 7.62 8.9 9.04 10.97 15.76 19.79 

SH4 8.24 10.59 11.58 12.87 13.67 19.97 22.98 

SC4 8.18 9.61 11.35 11.9 12.48 18.65 21.01 

KH4 9.26 11.64 12.5 13.26 13.75 20.14 23.21 

Table 3: Flexural Strength (Mpa) Values of All Mixes at Different Curing Ages 

 
Fig. 3: Variation in Flexural Strength for All the Mixes with 

Curing Ages 

 From the fig we can observe effect of curing on all 

different mixes. The highest flexural strength is shown by 

concrete mix where the lowest flexural strength (19.97 Mpa) 

is shown by Na2SiO3 activated concrete mix (SS4). In the 

figure even the values for each curing and mix at 1, 3, 7, 14, 

28, 56 and 90 days are presented. Almost all AAS concrete 

shows comparable values of flexural strength with concrete 

mixes. Among AAS concrete KOH (KH4) shows higher 

flexural strength followed by NaOH & Na2CO3 activated 

slag mix (SH4 & SS4) and then finally the least flexural 

strength is given by NaSiO3 

V. CONCLUSION 

This work studied the properties of alkali activated slag 

concrete using four different alkalis (Na2SiO3, NaOH, 

Na2CO3 and KOH with use of lime as retarder). The 

properties of alkali-activated slag concrete are compared 

with OPC concrete in terms of fresh and engineering 

properties. 

 Overall it can be concluded that AAS concrete has a 

great potential and presents a viable alternative to OPC 

to help in decreasing the effect on the environment in 

terms of energy conservation and less CO2 emissions. 

 Water-glass activated slag concrete sets rapidly with the 

higher Na2O dosage resulting in shorter setting time. 

The setting time can be prolonged by adding hydrated 

lime to mix, which increases the final setting time more 

when compared to initial setting time. 

 Out of all these four activators NaOH is best; KOH was 

the second; Na2SiO3 was the third; Na2CO3 was the 

fourth in terms of compression strength. 

 In compressive test the strength growth rate in early age 

is high when compared to traditional concrete. 

 Out of all these four activators Na2SiO3 is best; KOH 

was the second; Na2CO3 was the third; NaOH was the 

fourth in terms of split tensile strength. 

 Out of all these four activators KOH is best; NaOH was 

the second; Na2CO3 was the third; Na2CO3 was the 

fourth in terms of split tensile strength. 

 In flexural test, traditional concrete (M30) mix gives the 

higher resistance in flexure when compared to AAS 

concrete at the dosage of 4% of Na2O by weight of slag 

using all activators. 
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