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Abstract  
As we all know that cement is one of the important construction materials which is used all over the world. But 

the large consumption of Ordinary Portland cement causes lots of environmental issues. The amount of CO2 

emission during the Production of Ordinary Portland cement results in the pollution of the atmosphere. Alkaline-

activated cement (AAC) is one of the most suitable substitutes for Ordinary Portland cement. In Alkali-Activated 

Slag (AAS), various alumino-silicate materials such as ground granulated blast furnace slag (GGBS), fly ash 

(FA), etc are the main source materials for alkali activation. Various studies in AASC have proven that it have a 

superior durability in acidic environments as compared to OPC. Also the permeability is also very low as 

compared to OPC because it contain Ca. In this paper we evaluate the performance of AASC in sulphuric acid. 

The changes made by the acid exposure in the micro-structural level of the AASC is also evaluated here. 
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I. INTRODUCTION  

The Ordinary Portland cement produce large amount Of CO2 gas during its production process. The use 

of alkali-activated (AA) binder has gradually attracted attention since the late 1990s as another active effort to 

reduce CO2 emissions in concrete production [5, 6, 8].  

1) The CO2 emission of concrete increases with its compressive strength, indicating that the contribution 

of the binder to the total CO2 footprint is more significant in OPC-based concrete [12] than in AA concrete. As 

AAC is a alternative to Ordinary Portland cement it should able to meet the mechanical strength, workability and 

durability requirements. But in case of AAC the lack of long-term durability data which helps to predict the 

structural integrity of the material is really a problem during the modern scenario. So, it is really essential to 

evaluate the durability of AAC so thet we can predict the long-term performance. This is a critical aspect, as 

quantification of AAC durability relates to the prediction of service life, and this is one of the main challenges 

facing the commercial adoption of AAC [11]. 

Now a days Ground granulated blast furnace slag (GGBFS) and fly ash (FA) are mainly used in the large-

scale industrial production of AACs [6], the use of GGBFS and FA helps to develop high mechanical strength 

and other important properties [18]. As in the case of OPC acid attack is one of the main problem faced by the 

AAC so it is important to understanding the degradation kinetics and the mechanism of degradation of cement-

based materials exposed to various acidic solutions. The terms ‘degradation kinetics’ and ‘alteration kinetics’ are 

commonly used in the acid attack/leaching studies to describe the variation of degradation related parameters 

(mass change, thickness change, altered depth etc.) with the age of acid exposure [20]. Concrete structures are 

vulnerable to the attack by aggressive aqueous environments in many situations, resulting in deterioration. The 

understanding of the alteration kinetics and mechanism of degradation of concrete by these aggressive aqueous 

media is a fundamental step towards the development of a durable concrete which will increase the service life or 

the safety of the structures. 

The durability of an AAC based on GGBFS/FA blends is directly linked to the microstructure of the 

reaction products forming in these binders, as a function of the nature and concentration of the activator, and also 

the maturity of the material. So microstructural analysis is also a important step in this context. 
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Figure: 1 Acid attacked specimen [14] 

 

1.1 Alkaline-activated cement (AAC) 
               Ordinary Portland Cement Concrete has been widely used since the 1800’s. Research estimates that each 

ton of Cement produced, releases into the environment about 0.84 ton of Carbon Dioxide; directly during 

decomposition and indirectly because of the energy consumed during production. The total contribution of Cement 

to global Carbon Dioxide emissions is estimated to be between 5 and 8 percent. Today around 4.2 billion tons of 

Cement are produced annually with an expected growth rate of 2.5% per annum. Simultaneously, latently 

hydraulic cementitious matrices such as Fly Ash, Silica Fumes and Slag which are byproducts from various 

industries have been used as admixtures to replace some of the cement content. This leads to an improvement in 

concrete properties such as strength and permeability. The presence of cement, however, is required for the 

cementitious matrices’ reaction to occur and produce the binding material in concrete. The idea behind alkali-

activation is inhibiting the need for the cement’s reaction and ‘activating’ the unaccompanied cementitious 

matrices [2] 

                The main benefits of using AAFA concrete or AAFA concrete blended with slag are at least two-fold: 

reduction in the environmental impacts resulting from cement production and reduction in stockpiling of common 

wastes. Compared to PC, this kind of binder material may be economical because the source material is an 

industrial by-product.  Although the workability of fresh AAFA concrete decreases with incorporation of slag, the 

mechanical strengths significantly increase. The higher the slag content, the higher the increase in mechanical 

strengths [1]. 

                Alkaline-activated cement (AAC) can be prepared by mixing the Alumino silicate Source, Alkali 

activator and aggregates in a particular ratio. 

 

 
Figure: 2 Prepration of AAC 
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1.1.1   Constituents of AAC 

Alkali activated system composed of one or combined alumino-silicate sources and one or combined 

alkaline activators. The activator solutions increase the pH value (e.g. hydroxides, silicates, carbonates or 

sulfates). Alumino-silicate source and alkaline activator can be pre-mixed as dry materials, then this dry binder 

be mixed with water, aggregates to produce a mortar or concrete. In another way, the alkaline activator solution 

can be added to the alumino-silicate source separately, then this wet binder be mixed with additional water (in 

case of need to dilute the concentration of alkaline solution), aggregates to produce a mortar or concrete. 

Alternatively, it is possible to produce AAC by mixing alumino-silicate source, alkaline activator, water, 

aggregates and admixtures without pre-producing the alkali activated binder separately [13, 15, 16, 19, 22, 25] 

presents the components of the alkali-activated system [7]. 

 

II. MATERIALS 

The different materials are:  

Sodium hydroxide (NaOH) 

NaOH is obtained by brine electrolysis. Four types are available commercially: solids, flakes and beads. Solids 

are obtained by cooling molten caustic soda. Anhydrous NaOH has a specific gravity of 2.13 [3]. 

Sodium silicate (Na2SiO3) 

Sodium silicate is an inorganic sodium salt which has silicate as the counterion. It is also called Sodium 

metasilicate or Waterglass. Na2SiO3 is generally produced from silica and carbonate salts by calcination and 

dissolving in water according to the required ratios. 

Cementitious components 

Commonly used cementitious materials for AAC are GGBFS, FA, Silica fume and Metakaolin (burnt clay) [10] 

  

III.  DURABILITY STUDY 
The resistance of concrete to acid solutions can be tested in laboratory experiments in various ways: (1) 

realistic concentrations of the aggressive acid solutions can be used in combination with a sensitive method to 

detect the deterioration; (2) accelerated tests can be performed, in which the degradation rate can be increased in 

different ways (e.g. by means of higher concentrations of the acid solution, higher ratio of volume of acids to 

volume of specimens, higher temperatures, increasing the surface area to volume ratio of specimen, smaller sized 

specimen or alternate wetting and drying cycles etc.). since the extend of deterioration cannot be predictable 

because it depend upon the nature of the environment so extremely sensitive methods are needed to dectect the 

extend od deterioration in the conctrete [20]. 

The smaller specimen size was selected so as to have a higher surface area to volume ratio to   enable   

accelerated   testing. After preparing the specimen it is cured for in water for required period of time so that it 

helps to avoid calcium leaching and to attain the required strength before the acid exposure. After curing the 

specimen initial mass and thickness of the specimen is measured.  Then prepare the sulphuric acid of required 

concentration generally 0.3M and put the cured specimen in the acid for required period of time. Tests on this 

specimen should be conducted at particular interval of time. Also, acid solution should be renewed frequently to 

maintain the aggressiveness of the solution. 

After the required acid exposure time, the specimen should be taken out from the acid solution and 

uniform brushing should be done it helps to remove the loosely helded corroded particles on the surface of the 

specimen. After that different parameter that helps in the understanding of degradation kinetics such as mass 

change, thickness change and degradation depth that made by the acid solution is to be studied. 

 

3.1.        Mass change  

Mass change can be measured by comparing the new mass after the acid exposure with the mass of the 

specimen before acid exposure. The mass of the specimen after initial curing can be taken with the help of a 

weighing balance before putting it into the acid. After the acid exposure the new mass is taken. The difference in 

mass can be prepresented in percentage with respect to the initial mass 

 

3.2         Dimensional changes  

as the specien is immerced in the acid solution, the chances for the change in thickness and surface area 

is more. When the specimen react with acid solution new products will be formed so that the chance for 

deterioration is also very high. Dimensional changes in the specimens were measured using a digital calliper. The 

change in dimensions is measured from different locations, at least six locations and the average value should be 

taken for calculating the dimensional change. 

 

 

 

https://www.sciencedirect.com/topics/engineering/brine-electrolysis
https://www.sciencedirect.com/science/article/pii/S2090447920302847#b0090
https://www.sciencedirect.com/topics/engineering/silica-fume
https://www.sciencedirect.com/topics/engineering/metakaolin
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3.3         Compressive strength  

The chances for decreasing the strength of the specimen is generally high since the specimen is immersed 

in the acid solution. So the change in the compressive strength of specimen can be determined. The compressive 

strength was determined by dividing the failure load by the altered cross-sectional area.  

 

3.4         Deteriorated depth  

The degradation depth measurements are important as they give an idea about the time taken for the 

degradation front to reach the reinforcement to cause corrosion in reinforced concrete structures. Hence, 

degradation depth could be considered as a primary indicator of attack and any technique which can capture the 

altered depth needs to be used for investigating the degradation kinetics. Degradation depth can be measured 

roughly using digital calliper based on visual changes by cutting the specimen perpendicular to its axis, but this 

is subject to errors and limitations in measurement accuracy. Alternatively, phenolphthalein solution can be 

sprayed to a fresh cut surface of the specimen and altered depth can be measured based on the colour changes 

(Pink colour). However, the complete degradation depth due to decalcification and mineralogical zonation may 

not be picked correctly using this method and the measurement accuracy will be compromised on smaller sized 

specimens. The image that obtained can be analysed using ImageJ software[23]. 

 

 
Figure : 3 Corrosion due to acid attack [21] 

 

IV. MICROSTRUCTURE ANALYSIS 
To understand the chemical transformation in materials before and after acidic exposure 

Thermogravimetric analysis (TGA) is done. The primary objective of conducting TGA is to estimate the 

portlandite and calcite content. The samples for TGA are prepared from prismatic paste. TG curve plot is made 

with Y axis representing the mass of the sample and X axis representing the temperature. The differentiation of 

the TG data gives the differential thermogravimetry plot which allows a better resolution of the alteration and in 

the identification of consecutive mass losses. 

XRD has been used extensively for the examination of materials and thin films. Its effective use depends 

upon having a crystalline material. The technique is a bulk-sensitive analytical method, but can be used to provide 

information relevant to surface changes in suitable circumstances. For example, XRD can provide useful 

information on the extent to which surface treatment of a carbon system has affected the bulk of the material. It is 

possible to use XRD in a thin-film mode, employing very small take-off angles, to derive some surface 

information, but generally speaking it must be regarded as a bulk structural technique. Care should be taken while 

preparing the sample for XRD and TGA. 

 

4.1         Sample Prepration of XRD and TGA 

• The samples for TGA are prepared from prismatic paste of AASC  

• Small sized specimen pastes samples 

•  slices were immersed in isopropanol solution for 2 days  

• Take sample from isopropanol and dry the sample 

• The dried samples were kept in vacuum desiccator until testing. 

• The samples were powdered and the powder passing 75 Micrometre were taken for testing. 

 

4.2          Benefits of XRD AND TGA 

• Thermogravimetric analysis (TGA) can simulate roasting conditions and produce a small sample for 

               chemical analysis or materials characterization  
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• A simultaneous thermogravimetric and differential scanning calorimetry (TG–DSC) can identify  

              endothermic and exothermic reaction temperatures [24]. 

• It is a rapid and powerful technique for identifying unknown minerals and materials 

• It only requires preparation of a minimal sample for analysis 

• Interpreting the resulting data is relatively straightforward 

• XRD measurement instruments are widely available [9]. 
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