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Carbonation of concrete
Definition:

                   A reaction between the lime in concrete and the carbon dioxide from air, yielding Calcium Carbonate (CaCO3).
 Carbonation is the formation of calcium carbonate (CaCO3) by a chemical reaction in the concrete. The creation of calcium carbonate requires three equally important substances: carbon dioxide (CO2), calcium phases (Ca), and water (H2O). Carbon dioxide (CO2) is present in the surrounding air, calcium phases (mainly Ca (OH) 2 and CSH) are present in the con​crete, and water (H2O) is present in the pores of the concrete.
Chemical Reaction:

 The first reaction is in the pores where carbon di​oxide (CO2) and water (H2O) react to form carbonic acid (H2CO3):
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                             CO2 + H2O                     H2CO3
The carbonic acid then reacts with the calcium phases:
                    H2CO3 + Ca (OH)2                       CaCO3 + 2•H2O
Once the Ca (OH)2 has converted and is missing from the cement paste, hydrated CSH (Calcium Silicate Hydrate - CaO•SiO2•H2O) will liberate CaO which will then also carbonate:
                      H2CO3 + CaO                                   CaCO3 + H2O
Speed of Carbonation:

 The speed of the carbonation process through the concrete mainly depends on two parameters:
         • The porosity of the concrete
         • The moisture content of the concrete
 The porosity of the concrete:
The carbonation process has an ongoing need for carbon dioxide (CO2) from the atmosphere. For car​bonation to spread, fresh carbon dioxide from the surface needs to be supplied continuously deeper and deeper into the concrete. Low porosity and per​meability will decrease the ingress speed of carbon dioxide (CO2) from the atmosphere, thereby delaying the ingress of the carbonation.
Moisture content of the concrete:
The moisture content of the concrete is also a very important factor. Carbonation in concrete pores al​most only occurs at a relative humidity (RH) between 40% and 90%. When the relative humidity in the pores is higher than 90% carbon dioxide is not able to enter the pore, and when RH is lower than 40% the carbon dioxide can not dissolve in the water.
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Passivation of Steel in Concrete

The alkaline conditions that prevail in concrete (pH > 13.0) favour the formation of a passive layer on the embedded steel reinforcement. Steel
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Steel is only effectively passivated if the concentration of OH- ions is high

enough

pH =14 − log[OH− ]

13 < pH < 14

0.1 < [OH-] < 1.0
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In concrete:

Steel may become depassivated in concrete if:

        • There is a reduction in the pH (concentration of OH ions)

        • Sufficient chlorides are present at the steel to “destabilize” the passive layer
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pH of Concrete

Concrete pore solution is composed almost entirely of alkali hydroxides –

NaOH & KOH.

Generally sum on the alkali ions is equal to the sum of the hydroxyl ions –

[Na+ + K+] = [OH-]

Concentration of [OH-] > 0.1 moles per liter – i.e. pH > 13.0

High pH also buffered by presence of calcium hydroxide – Ca (OH)2 – a product of cement hydration

Saturated Ca (OH)2 solution has a pH ~ 12.4
Effects of Carbonation

· It reduces the quality of concrete
· Normal pH value of concrete is 12.6-13.5
· Carbonation reduces the pH value to 9
· Changes alkaline nature to the acidic nature
· Reduces the ability of concrete to prevent reinforcement steel bars from rusting
· Initiates the corrosion process of steel bars by demolishing the protective oxide layer around steel bars
Corrosion of Reinforcement due to Carbonation
The high alkalinity of cement paste, approx. pH13 passivates the steel surface and protects it against oxidation (corrosion). 
The presence of chlorides, carbonation, acid attack or combination of all these, reduce pH of concrete and the reinforcing steel starts to corrode.
Carbonation reduces its pH value to 8
Due to the acidic behavior of concrete passive layer of oxides destructed
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Corrosion of Steel due to Carbonation
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Bicarbonation
Occasionally concrete may suffer from the so called bi-carbonation process. Bi-carbonation may occur in concrete with very high water to cement ratio due to formation of hydrogen carbonate ions at pH lower than 10. Contrary to normal carbonation, bi-carbonation results in an increase in porosity making the concrete soft and friable. 
Bi-carbonation may be recognized by the presence of large  "pop-corn" like calcite crystals and the highly porous paste. 
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How do you recognize carbonation?

Carbonation may be recognized in the field by the presence of a discoloured zone in the surface of the concrete. The colour may vary from light gray and difficult to recognize to strong orange and easy to recognize. Carbonation can be visualized by using phenolphthalein. 
In the optical microscope carbonation is recognized by the presence of calcite crystals and the absence of calcium hydroxide, ettringite and un-hydrated cement grains. Porosity is unchanged or lower in the carbonated zone.
The carbonation process requires the presence of water because CO2 dissolves in water forming H2CO3. If the concrete is too dry (RH <40%) CO2 cannot dissolve and no carbonation occurs. If on the other hand it is too wet (RH >90%) CO2 cannot enter the concrete and the concrete will not carbonate. Optimal conditions for carbonation occur at a RH of 50% (range 40-90%).
Normal carbonation results in a decrease of the porosity making the carbonated paste stronger. Carbonation is therefore an advantage in non-reinforced concrete. However, it is a disadvantage in reinforced concrete, as pH of carbonated concrete drops to about 7; a value below the passivation threshold of steel.
Measurement of Carbonation
· Carbonation can measured in two ways:
· First way is to measure the concentration of CO2 absorbed by the concrete specimen
· Second way is to carbonate the specimen in 
      (a) natural 

      (b) Laboratory 

    Environment conditions and then break it and spray a pH indicator to know the extent of Carbonation.
Depth of Carbonation (Commercial Method)
The phenolphthalein indicator solution is applied to a fresh fracture surface of concrete. If the indicator turns purple, the pH is above 8.6. Where the solution remains colorless, the pH of the concrete is below 8.6, suggesting carbonation. A fully-carbonated paste has a pH of about 8.4.
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Depth of Carbonation    (Laboratory Method)

In this method, first concrete specimen is kept in an open environment for a number of years or in Carbonation Chamber for a number of months. Generally, conditions of 70% CO2, 50% Relative Humidity, and 20-22ºC are maintained in a carbonation chamber. Then sample is broken and is sprayed with a pH indicator. Popularly a standard solution of 1% phenolphthalein in 70% ethyl alcohol is used. In the noncarbonated region with pH values above 9.2, the phenolphthalein indicator turns purple-red; and in the carbonated portion with pH less than 9.2, the solution remained colorless.
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Measurement of Carbonation     (BY IR Spectrum Analysis)
The carbonation set-up consists of a close loop in which a mixture of air and carbon-dioxide could be introduced at a certain RH. Due to the carbonation reaction, an amount of CO2molecules will be immobilized reducing the concentration of carbon dioxide in the circulating gas mixture. The CO2 concentration in the gas is measured using an IR absorption device. A pump is used to circulate the gas while also temperature and RH are measured. 
Prevention from Carbonation

In practice, the atmospheric environment slowly permeates the concrete surface. This carbonation process progressively reduces the pH of the pore solution in the affected area. Where carbonation progresses far enough into the concrete surface to reach the reinforcing bar, corrosion of the re-bar will be initiated. 

The rate at which carbonation progresses in concrete depends on a number of factors. These are: 
• Exposure conditions 

• Concrete quality / strength 

• Compaction and curing 

• Water cement ratio of concrete mix 

The water/cement ratio is particularly important. Increasing the water/cement ratio from 0.45 to 0.60 will double the rate of carbonation because of increased porosity. In good quality concrete, the carbonation rate may be negligible while low quality concretes may show 1mm per year. 

Penetron drastically reduces carbonation by reducing the porosity of the concrete and narrowing the capillary tracts. By producing a stronger, denser concrete the diffusion of carbon dioxide gas will be inhibited and as the crystalline growth blocks and fills the capillary tracts the amount of gas able to penetrate the concrete will be reduced. 
Recent studies have established that even though the crystal growth structures are breathable, the diffusion of carbon dioxide gas was reduced by 42% when compared to a reference concrete.
