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Abstract— Carbon is the most essential element of the 

land crown. Due to fluctuation of water table the 

carbon content of soil would change. This will result in 

leaching of carbon from the structure for compensation 

and this might damage the structure. The most 

important   problem associated with most of the 

structures made up of steel is corrosion. Generally 

medium of cement is alkaline in nature. this forms a 

passive oxide layer which protects the steel form 

corrosion. Carbon leaching can destroy the oxide layer 

and can make steel prone to corrosion. Due to diffusion 

of the Due to diffusion of the CO2 gas in the concrete 

the carbonation of concrete started due to which the 

corrosion protective layer of the reinforcement is 

degraded. so that corrosion starts in the concrete which 

have negative impact on the strength of building. Total 

uptake of CO2 from various parts of the building is 

calculated in this project. the process of change of the 

PH value of concrete is also calculated. The total 

uptake of the CO2 of a industrial building new the river 

ganga is calculated through same theoretical as well as 

practical methods.  

Keywords— effects of carbon leaching, building 

structure. 

I. INTRODUCTION 

Leaching is description contains of entire process of 

disintegration and carrying substances out of 

concrete”. As the leaching of several substances such 

as Ca, K, Na, Mg is seen, the determination of carbon 

leaching is also play a vital role in the consideration of 

strength of concrete structure. Carbon is the most 

abundant material of earth. In the concrete structure 

when the percentage of carbon change it affect 

adversely the life structure [1].  

When the CO2 comes in the contact of water it forms 

H2CO3 and it react with the calcium and form the layer 

of CaCO3. The nature of cement is alkaline and it 

forms a passive protective layer around the 

reinforcement which protect the reinforcement to 

corrosion. The layer CaCO3 degrade the protective 

layer and corrosion started in reinforcement. This 

reaction is exothermic in nature and rate of reaction is 

also high. CaCO3 has the property that it can break the 

protecting silicate gel levels [2]. So the corrosion starts 

in the reinforcement. At the point when the carbon 

substance decreased in the soil then rate of carbonation 

of concrete increases.  

In the flood based plain areas within time of flood and 

leaching of carbon content rise and preserve the carbon 

percentage with soil takes carbon from the reinforced 

concrete with this process protective layer of 

reinforcement is degraded and due to it corrosion start 

and strength of building decreases. 

When CO2, any part Come into the solid part through 

diffusion process with CO2 gas convert into CO2(aq) 

starts reaction and form carbonic acid which is as such 

CO2+H2O = H2CO3 

Then ionization of carbonic acid with chooses place 

H2CO3 = H+ + HCO3- 

HCO3- = H+ + CO3- 

In there are type of  CO3 – react with help of the lime 

of cement and form of CaCO3 and  process in form of 

pH value increases. 

When the carbon content in form of the soil of 

structure changes then the attack of CO2 increases and            

rate of change of carbon content can be calculated 

through various methods and effect of    leaching of 

carbon is calculated through laboratory processes. 

1. Effect of CO2 in a concrete structure 

To determine the CO2 intake, we must recognize the 

quantity of Portland cement in concrete structures and 

the quantity of such cement that has been carbonated. 

Conferring to carbonation procedure is in concept very 

modest but in reality complex. It is fundamentally 

calcium hydroxide (CaOH) in interaction through 

carbon dioxide (CO2) formulae of calcium carbonate 

(CaCO3). Water is not spent but is desirable in the 

transformation procedure [3].  

When the CH is spent the pH of the cement paste/pore 

solution will bead and all the other hydrate stages will 

in turn break down. The net product will include of a 

collection of carbonates organized with ferrite, silicate 

and aluminum-hydroxide phases. The major 
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experiment is not the chemistry of alteration but the 

kinetics and speed of the carbonation procedure. 

Carbon dioxide is a gas in the climate and structure 

bicarbonate or potentially carbonate particle in the 

water together with some broken up carbon dioxide 

gas. carbonate particles can be found with Carbon 

dioxide gas pretty much every condition on the outside 

of earth. The issue is consequently primarily with 

accessibility and method of entering to concrete. 

Consequently, the pace of carbonation shifts 

significantly and along these lines, the CO2 take-up 

will rely upon both the sort of cement and the earth in 

which the solid is put. 

Buildings are normally designed to have a lifetime of 

50 years while civil engineering structures are designed 

to have a lifetime of 100 years. In almost cases, 

however, the real lifetime is longer due to patch 

compensate etc, but one can expect that most buildings 

will be demolished within 100 years. furthermore, there 

are considerable volumes of concrete that are 

demolished before the estimated lifetime. When 

concrete is destroyed and crushed it will carbonate 

faster due to the much larger exposed surface. When 

calculating CO2 uptake, we must consider the amount 

of Portland cement clinker used over time and a 

prediction of the amount that will be used in the time to 

come. We must also know the concrete character and 

quality, the amount of different types of concrete in the 

different environments. In all cases we need to know 

the area of the exposed surfaces. 

1.2 Chemistry of carbonation 

Carbonation is because of the way that within the sight 

of carbonate particles the calcium particles in the pore 

arrangement encourage and structure calcium 

carbonate. Calcium carbonate has a little dissolvability 

[4]. In solid this will bring about all Ca mixes 

dissolving lastly shaping calcium carbonate. The 

environment contains generous measures of carbon 

dioxide. 

 Vaporous CO2 can't, even now, respond 

straightforwardly with the hydrates of the bond glue. 

Henceforth the CO2 gas should initially break up in the 

water and structure carbonate particles that thusly will 

respond with the Ca particles of the pore water. Carbon 

dioxide will break down in water and The kind of 

carbonate particles relies upon the pH. When CO2 

comes into contact with water at lack of bias it 

structures bicarbonate. inside cement, the pH is high 

and thus, the bicarbonate separates and structures 

carbonate ions. 

In this way in the carbonated layer bicarbonate frames 

however nearer to the uncarbonated bond glue this 

carbonate particles structure (because of higher pH) 

and hasten calcium carbonate gems (CC).  

Calcium carbonate exists in three crystallographic 

structures, aragonite, vaterite and calcite with a 

response based. Calcite and vaterite are usually found 

in carbonated cement. Probably, the meta-stable 

vaterite will change into stable-calcite after some time. 

The carbonation process can be described with the 

following chemical equations; 

1. CO2 (g) + H2O = HCO3- (bicarbonate ion) +H+ 

2. HCO3- = CO3--(carbonate ion) + H+ 

The carbonate ion will react Ca ions with help of  the 

pore solution. 

3. Ca++ + CO3-- = CaCO3 

This will lead to lower concentration of Ca2+ which in 

turn will lead to dissolution of primarily calcium 

hydroxide (CH). The solubility of CC is much less than 

that of CH. 

4. Ca(OH)2 = Ca2+ + 2 OH- (solvability 9.95 x 10-4) 

5. Ca2+ + CO3 2-= CaCO3 (solvability 0.99 x 10-8) 

Thus Ca(OH)2 (CH) will dissolve and CaCO3 (CC) will 

precipitate and the process will continue until all of the 

CH is consumed. Aside from CH the cement paste 

contains calcium silicate hydrate (C-S-H) and 

ettringite/monosulphate (AFt/AFm). These components 

are in equilibrium with and stabilized by high pH and 

Ca ions in the pore solution. Thus when the CH is took 

in the pH and the Ca ion concentration drops and the 

C-S-H will dissolve congruently. 

II. MECHANISM OF CARBONATION 

The reaction mechanism is authoritative, as it will 

control the structural changes in the carbonated shell. 

The consequence will depend on the proportion 

between the different phases in the cement paste, which 

in reverse depend on the binder type, curing and water-

binder proportion. Pozzolanas will reduction the 

amount of CH and increase the amount of C-S-H. 

Granulated blast furnace slag (GBFS) changes the 

composition of the hydrates, lowers the Ca/Si ratio of 

the CS-H and gives less CH. The amount of CH and 

the composition of the C-S-H depend on the amount of 

pozzolanas or GBFS. The mechanisms of carbonation 

that will occur in the water phase depend on the 

solubility and speed of diffusion. Diffusion is 

controlled by focus contrasts. In this manner we should 
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consider the dispersion forms and the effect on the 

structure of the carbonated layer. It is a procedure with 

internal dispersion of carbon dioxide gas and carbonate 

ions. Gas diffusions much faster than particle 

dispersion. In this way the speed of carbonation 

depends upon the humidity in the Concrete, for 

example how loaded up with fluid the connective pore 

framework is. In dry concrete the carbon dioxide can 

infiltrate deeply but there is not enough water for the 

the carbonated layer. It is a procedure with internal 

dispersion of carbon ions can move and particle 

dissemination. Subsequently the speed of carbonation 

relies upon of carbonations is at maximal. Where this 

optimum is depending on the porosity of the 

carbonated layer, how the water bar gas dispersion. 

Moreporous concrete seems to have an optimum at a 

higher degree of water saturation than denser concrete. 

In general, a low water/binder ratio of the concrete 

gives a denser change item, which thus gives a 

moderate change item, which thus gives a moderate 

carbonation rate.It carbonation process will lower the 

content of Ca2
+ ions in the pore arrangement, which 

thus will trigger disintegration of CH and Ca2
+ 

diffusion from the interior of the concrete to the 

carbonation front where the concentration of both 

components will be at a low point due to the low 

solubility of calcium carbonate (CC). The point of CC 

precipitation depends on the concentration gradient of 

the two parts. This will impact the structure and 

porosity of the carbonated layer. In the outrageous 

instance of carbonation of cement submerged in 

stagnant water the low concentration gradient of and 

speed of diffusion of carbonate ions relative to 

diffusion of Ca2+ ions from the interior will result in the 

precipitation of calcite at and densification of the 

concrete surface. To understand the different modes of 

carbonation and the effect on porosity between 

concrete made with plain OPC (CEM I) and with 

mixtures containing pozzolanas and GBFS we must 

identify the mode of precipitation. In addition, we 

should think about the system of the transformation 

and mode of nucleation of the carbonate [5]. 

 

Fig.1. Sketch illustrating the mechanism when C-S-H 

become carbonated 

With slow diffusion of carbonate particles, the C-S-H 

will devour all internal dispersion carbonate ions 

before it can react with CH further inside and therefore 

a rather distinct carbonation front will be gotten. 

Periodically a twofold carbonation front can be 

observed where the CH carbonate in an inner front and 

the carbonation of the C-S-H form an outer front. 

Carbonation of crushed concrete 

Most concrete structures will eventually be demolished 

and the concrete squashed. This will bring about a lot 

bigger surfaces and expose fresh uncarbonated concrete 

to the environment. One must also consider that when 

crushed much of the cement paste will be a powder and 

much of it will form a skin on the bigger stones. Thus 

the measure of uncovered bond glue will be larger than 

what the crushing as such will give. This will expand 

the carbonation rate and CO2 uptake significantly. 

Following the surface responses, the destroyed 

concrete will follow the same rules as normal concrete 

and the rate will depend on the thickness of the cement 

paste and the rate will diminish with the square root of 

time. As the release rate of Ca2+ ions rate will be high 

one must also consider the accessibility of CO2 and/or 

carbonate ions. The rate of carbonation will then 

depend on the environment in which the crushed 

concrete will be set. Because of the huge receptive 

surface one can presume that surface reaction will 

carbonate a substantial amount of the cement paste of 

the concrete already before last end use. As an 

outcome, one must think about neighborhood 

environment. As filling material or as a road base the 

humidity may be high and slow last end use. As an 

outcome, one must think about neighborhood than the 

carbonation process. The carbonation will at that point 

occur in the water when it accesses carbon dioxide. 

Concrete Structure/Texture and Cracks 

The carbonation is a reaction from the surface and 

inwards. Thus the area of the exposed surface will be 

important. The diffusion will mainly occur in the 

porosity but one must also consider the interfacial zone 

between paste and aggregate and splits. The interfacial 

zone is progressively permeable and will thus give a 

faster carbonation [6].A deeper carbonation at the 

contact between paste and stones can commonly be 

observed in thin sections. In surface cracks carbon 

dioxide can reach deeper and will thus get a larger 

surface to respond with. This can obviously be seen in 

slim areas where the walls of the cracks are carbonated. 

Thus the carbonation will likewise rely upon durability 

and decay. A solid influenced by for instance antacid 

silica or delayed ettringite reaction will crack and this 

will enhance the carbonation. Bits of solid that tumble 
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off will give new fresh surfaces and consequently 

higher rate of carbonation. 

III. AGGRESSION BY CHEMICAL ELEMENTS 

3.1 Aggression of concrete by CO2 

Aggression due to CO2 may be manifested in two 

different ways according to the encompassing 

conditions. In developments presented to the 

environment, carbonization of solid happens, while in 

water driven developments, there is an occurrence 

known as leaching which acts upon the cementitious 

paste. Carbonization is due to the penetration of CO2 

into the concrete [10]. 

 

Fig.2. Aggression by CO2 of an industrial building 

The most dangerous levels of humidity are between 

50% and 80%. With values outside this range, the 

speed decreases until it reaches zero, both in conditions 

of complete dryness and of total saturation. In 

conclusion, we may state that the occurance of 

carbonatation is only damaging for reinforced 

structures due to the reasons referenced above, while 

it's anything but a deciding factorin those, structures 

made using concrete which is not reinforced. it is now 

possible to carry out an initial hypothesis regarding the 

cause of deterioration. The occurrence of leaching 

consists in the removal of the cementitious matrix due 

to the mechanical action of water on the concrete. This 

is further aggravated if the water is particularly acidic 

due to its content of aggressive carbon dioxide, which 

is particularly present in unadulterated mountain water, 

by the nearness of waste substances given off by 

mechanical procedures, or by the nearness of sulphuric 

corrosive with an natural starting point, which creates 

in waste water in seepage systems [9]. 

3.2 Freezing and thawing 

The impact of ice is negative just on account of the 

nearness of water at its fluid state inside the solid. This 

does not really imply that the solid must be impeccably 

dry, yet the degree of mugginess must not be higher 

than a chosen level, known as fundamental immersion. 

This suggests the proportion of water present in the 

porosity must be lower than this value, so that despite 

when it stretches out when it goes to ice, in spite of all 

that it makes sense of how to remain inside the pores 

without making stresses. 

 

Fig.3. Deterioration due to freezing 

However, if the water fills, or goes to ice, despite 

everything it figures out how to stay inside of the 

pores, when it solidifies it will break the solid because 

of the pressure it exerts (when water turns to ice, its 

initial volume increases by 9%). Also, even if the 

critical saturation level is not surpassed, the solid may 

even now be broken due to the nearness of water. In 

the event that we think about the rate of water present 

in all the concrete, It is not measured the heterogeneous 

supply of the water inside the propelling. To beat this 

downside, the rate in the cortex territory is estimated, 

that is, where the wonder of deterioration due to reason 

of freeze-thaw cycles commence. 

3.3 Shrinkage and cracking 

There are two types of shrinkage, plastic and 

hygrometric. Plastic shrinkage occurs during the plastic 

period of solid, when it discharges some portion of the 

mugginess contained within it into the encompassing 

condition, making it contract. Splitting in this case 

depends on the surrounding conditions when the 

cement is thrown. At the point when cast into 

formwork, for evident reasons, vanishing does not 

occur, whereas not happen, though if the solid is in 

direct contact with the surrounding environment, 

encompassing condition, vanishing happens in light of 

the temperature, exceptionally low outside dampness or 

solid breezes [7]. When plastic shrinkage occurs while 

the cement is new, miniaturized scale breaks may 

frame on the surface. Hygrometric shrinkage is because 

of the discharge of humidity into the environment with 

a low degree of R.H. during the whole Service life of 

the structure [8]. In order to avoid the problems due to 

plastic shrinkage, safeguards must be taken to stay 

away from the water present in the mix vanishing too 

rapidly, which might be done in different ways: 

1) By laying waterproof sheets on the throwing, to 

square dissipation 
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2) By splashing the whole surface during the first few 

days after casting 

3) By applying a defensive enemy of dissipation taping 

product on the concrete though still new. 

Since the vast greater part of hygrometric shrinkage 

happens inside the initial a half year of throwing, it is 

difficult to keep it wet for the whole length. Thusly, we 

should follow up on different components, for 

example, lessening the water/concrete proportion and 

expanding the latent/bond proportion. 

IV.CONCLUSION  

With the help of rate factor, quality of cement and 

amount of OPC the total CO2 uptake is     calculated.  

The rate of CO2 uptake is small for old structure. With 

help of amount of carbonated concrete, the amount of 

cement in this concrete, the amount of CaO in the 

cement and proportion of this CaO that has carbonated 

it is possible to calculate the amount of portland 

cement clinker that has regained its CO2. The most 

common types used for building purpose is CEM -2 

commonly it contains more than 80 wt % and some 

additives added during concrete mixing. The speed of 

carbonation is related to waters/cement or water/binder.  

The carbonation rate is related to strength which gives 

accurate value. The portland –lime-stone cement 

concrete is carbonated somewhat faster as the portland 

clinker cement paste and buffering capacity is less. The 

carbonation rate increases with amount of fly ash. 

Comparisons between concrete with and without fly 

ash show that with same strength class fly ash concrete 

carbonates somewhat faster. Speed of carbonation 

depend on diffusion of CO2 through a surface thus 

paintings or wallpaper etc will decrease the rate of 

carbonation.  Silanol, silane, siloxane and other type of 

surface treatment which give less Rhso speed of 

carbonation decreases. With the help of strength of 

concrete rate factor is calculated and with help of it 

total depth of carbonation can be calculated for 

particular years and finally higher CO2 uptake shows 

higher rate of carbonation which enhance the rate of 

corrosion in a building. So the rate of leaching enables 

to predict total year which it will take for settlement of 

structures. The quality of cement is also important for 

the strength of building Structure. If the cement has 

great amount of free lime, then after setting the 

hydration of cement start and finally it contains up to 

conversion of free lime to calcium hydroxide. And 

finally the porosity increase in concrete so corrosion 

start in building. 

Bulking of sand should also be evaluated because when 

water comes in the contact of sand bulking start so 

volume increase and after final setting of cement 

concrete volume decreases so porosity increases. The 

reinforcement should also have of high quality and 

high corrosion resistivity. 

REFERENCES 

[1]  Oliva P. Canencia; angelo Mark P. Walag (2016). 

"Coal Combustion from Power Plant Industry 

Inmisamis Oriental, Philippines: a Potential 

Groundwater Contamination and Heavy Metal 

Detection". Asian Journal of Microbiology, 

Biotechnology & Environmental Sciences. 18 (1): 

55–59. ISSN 0972-3005. Retrieved 2016-04-22. 

[2]  Occupational safety and health guideline for 

calcium carbonate" (PDF). US Dept. of Health and 

Human Services. Retrieved 31 March 2011. 

[3]  Meade, Richard Kidder. Portland cement: its 

composition, raw materials, manufacture, testing 

and analysis. Easton, PA: 1906. The Chemical 

Publishing Co. 4–14. Print. 

[4]  "Impregnation or treatment with carbon dioxide; 

conversion into a carbonate."Oxford English 

Dictionary. Oxford University Press. 2018. 

[5]  Ludwig, U.; Schwiete H.E. (1963). "Lime 

combination and new formations in the trass-lime 

reactions". Zement-Kalk-Gips. 10: 421–431. 

[6]  Richard W. S (1995). "History of Concrete" 

(PDF). The Aberdeen Group. Archived from the 

original (PDF) on 28 May 2015. Retrieved 25 

April 2015. 

[7]  ACI Committee 209 (1972) "Prediction of creep, 

shrinkage and temperature effects in concrete 

structures" ACI-SP27, Designing for Effects of 

Creep, Shrinkage and Temperature}, Detroit, pp. 

51–93 (reaproved 2008) 

[8]  Lans P. Rothfusz. "The Heat Index 'Equation' (or, 

More Than You Ever Wanted to Know About 

Heat Index)", Scientific Services Division (NWS 

Southern Region Headquarters), 1 July 1990 

"Archived copy" (PDF). Archived from the 

original (PDF) on 2011-12-01. Retrieved 2011-07-

23. 

[9]  Haynes, William M. (2014). CRC Handbook of 

Chemistry and Physics (95 ed.). CRC Press. pp. 4–

92. ISBN 9781482208689. Retrieved 18 

November 2018. 

[10]  Lancaster, Lynne (2005). Concrete Vaulted 

Construction in Imperial Rome. Innovations in 

Context. Cambridge University Press. ISBN 978-

0-511-16068-4. 

 

 

 


