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ABSTRACT 

 
This paper reviews the recent developments of process requirements and reactions involved in carbonation 

and accelerated carbonation of cementitious materials, various factors that control the carbonation and 
accelerated carbonation process, nature of carbonation in various environments and its recent application in 
different engineering areas. Consequences of carbonation and accelerated carbonation in solidification process 
of waste treatment are also reviewed. Carbonation on compacted cementitious systems, stabilization of 
contaminated soils by carbonation, carbonation in the recycling of waste streams also included in this review. 
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Introduction 

 
Carbonation of concrete is a process by which carbon dioxide from the air penetrates into concrete and 

reacts with calcium hydroxide to form calcium carbonates (S. Valls and E. Vazquez, 2001). Carbonation has 
been demonstrated to act positively in the immobilization of heavy metal-contaminated sands and other residues 
of soil (M. A. Venhuis et al., 2001; A. Macias et al. 1997 and J. Walton et al. 1997). In this patent application 
(S. Bin-Shafique et al., 1998 and C.D. Hills, 1999 ), carbonation has been used to overcome the inhibiting 
effects of complex waste materials on the hydraulic and pozzolanic reactions that are responsible for effective 
solidification (C. D. Hills and C. L. MacLeod, 2001). 

Accelerated carbonation technology (ACT) is a technique to induce rapid reaction between mineral or waste 
materials and carbon dioxide. The solid mixture is carbonated in presence of abundant carbon dioxide (CO2) 
rich environment, which promotes rapid harden of the green product into a desired structural medium rapidly (L. 
C. Lange, 1997). In many cases, binding of toxic metals may occur due to rapidly solidify of carbonation 
products. The consequent significant improvement in the chemical and physical properties of certain treated 
materials can facilitate to re-use in a variety of construction purpose (Thiery M. et al., 2007). 

This paper reviews carbonation and accelerated carbonation process from its basic requirements to recent 
development, its current state of the art and potential future developments in the application of engineering and 
technology. 
 
Process requirements and reactions of carbonation: 
 
1. Carbonation process of cementitious materials: 

 
Carbonation is considered to be the most common chemical reaction influencing the performance of cement 

based materials in natural environment (L.C. Lange et al., 1996). In the solid phases ionized carbon dioxide 
induces salvation of calcium ions, which then re-precipitate in the pore space of the cement mixture as CaCO3, 
forming a solidified product (J.M. Bukowski and R.L. Berger, 1979). The reaction is diffusion-controlled and 
strongly exothermic. The gas diffuses into the solid resulting in a growing front of carbonated material 
surrounding an inner zone of non-carbonated material. The conceptual model for the reaction of carbon dioxide 
with a waste form is presented in Figure 1. 

 
 
 
 
 



2474 
J. Appl. Sci. Res., 8(5): 2473-2483, 2012 

 

       
 

Fig. 1: Schematic of carbonation process ( S. Bin-Shafique et al., 1998). 

                              
 
Fig. 2: Mechanism of accelerated carbonation (M. Fernandez Bertos et al., 2004). 
 
2. Reaction mechanism of carbonation process of cementitious materials: 

 
The following is the sequential mechanism that takes place during the carbonation of cementitious 

materials. Figure 2 illustrates this mechanism, showing all the individual steps. 
The individual steps in the sequence are (M. Fernandez Bertos et al., 2004): 
1. Diffusion of CO2 in air. 
2. Permeation of CO2 through the solid. 
3. Solvation of CO2 (g) to CO2 (aq). Boundary layer transfer is favoured by a high internal surface area of 

solid. 
4. Hydration of CO2 (aq) to H2CO3. This is slow processes, which determine the rate of carbonation. 
5. Ionization of H2CO3 to H+, HCO3−, and CO3

2−. This occurs instantaneously, and decreases the pH 
approximately 3units, typically from11 to 8. 

6. Dissolution of cementitious phases to C3S and C2S. Because the process is cyclic, this step is rapid and 
extensive, and generates a considerable exotherm. The calcium silicate grain is covered by a loose layer of 
calcium silicate hydrate gel, which is quickly dissolved through releasing Ca2+ and SiO4

4− ions. 
7. Nucleation of CaCO3, to C–S–H. The nucleation is favoured by slightly high temperature and the 

presence of finely divided material, which acts like heterogeneous nuclei. 
8. Precipitation of solid phases. At the beginning, vaterite and aragonite are formed, but these polymorphs 

of CaCO3 ultimately revert to calcite. Amorphous calcium carbonate can be found in the final product. 
9. Secondary carbonation. C–S–H gel forms and is progressively decalcified, converting ultimately to S–H 

and CaCO3. 
 

3. Carbonation reaction of the major OPC silicate phases: 
 
The overall stoichiometry of the carbonation reaction of the major OPC silicate phases in cement indicates 

that initial carbonation is accompanied by hydration and is followed, after some delay, by secondary carbonation 
(L.C. Lange et al., 1996) 
 
C3S + yH+ (3-x) →CxSHy+(3-x)C                                       (1) 

 
CxSHy+z →C(x-z)SH y+zC                                                    (2) 
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The mechanism of reaction proposed above is based on the knowledge of the behavior of C3S during 
normal hydration.C2S reacts similarly. First, carbon dioxide dissolves in water and forms carbonic acid.  
 
� +H →H                                                                                 (3) 

 
This carbonic acid promotes a vigorous reaction of C3S in the first 3 min (M. Fernandez Bertos et al., 2004) 

 
C3S+1.2H → C1.4SH0.6+1.2C +0.6H                                   (4) 

 
C2S reacts similarly by the formation of crystalline CaCO3. 

 
C2S+1.2H → C0.8SH0.6+1.2C +0.6H                                   (5) 

 
After 3min, CSH gel recarbonates and changes its composition according to equation 6 (M. Fernandez 

Bertos et al., 2004). 
 
CxSHy+(x-x′)    →Cx′SHy′ +(x-x′)C + (y-y′ )H                   (6) 

 
After that, re-carbonation of CSH gel will continue until completely decalcified and finally transformed into 

calcium carbonate and highly polymerized silica gel. This gel is acid stable and maintains a similar morphology 
to the original hydrate (M.Yousuf et al., 1993) 
 
C3S2H2+3 →SiO2 (gel) +3C +3H                                         (7) 

 
Variables influencing the carbonation process: 

 
The extent and quality of carbonation depends upon several parameters. The main ones are the diffusivity 

and reactivity of CO2.  
 
1. Diffusivity of CO2: 

 
Diffusivity of CO2 is constrained by physical properties of the solid. The major physical properties affecting 

the diffusivity of carbonation are divided into pore system and exposure condition. 
 
1.1 Pore system: 

 
The effects of the main features of the pore system on the carbonation process are mainly porosity and size 

of particles. Followings are the detailing of the effect of porosity and size of particles on the carbonation 
process. 

Porosity: It is often related to the degrees of compaction. The porosity, as well as, permeability of the solid 
decrease when compaction pressure increases that leads to greater strength development (M. A. Sorochkin et al., 
1975). Conversely, the low porosity inhibits the diffusion of the CO2 into the solid. As a result, the amount of 
precipitated CaCO3 will be lower, resulting in lower strength development. 

Size: Finer particles generally show greater degree of carbonation, since more surfaces react with CO2. 
There are also differences in the degree of carbonation between the distinct size fractions of the same material, 
due to their different compositions. Smaller size fractions show better carbonation because they do have 
possibility of the presence of higher CaO which is responsible for carbonation (D. C. Johnson et al., 2003). 
 
1.2 Exposure conditions: 

 
Pressure, relative humidity and temperature are considered as exposure variables of carbonation. The 

effects of these events on the carbonation process are as follows: 
 
Partial pressure of CO2: 
 

The rate of carbonation depends on the availability of the amount of CO2 in gas phase (D.C. Johnson, 
2000). The higher the amount of CO2 in the gas phase presents, the higher the rate of carbonation occurs. 
However, excess CO2 pressure does not lead to a higher strength of carbonated product (M. A. Sorochkin et al., 
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1975) (slower reaction would allow for dissipation of heat and reduce stresses on the product). Therefore, the 
rate of carbonation is controlled by varying the partial pressure of CO2 and also the same as for the compressive 
strength of the carbonated product (C.D. Hills and S. J. T. Pollard, 1997). 
 
Relative humidity:  
 

Carbonation occurs more rapidly at a relative humidity range of 50–70% and it decreases at higher and 
lower relative humidity of this range [J. Walton et al., 1997 and N. I. Fattuhi, 1988].  
 
Temperature:  
 

The CO2 absorption of solid product increases with the increasing temperature up to 60◦C (at atmospheric 
pressure) (L. Liu et al., 2001). This happens most likely due to the leaching of Ca2+ ions from the particles of the 
solid and higher solubility in water. Higher temperature decreases the solubility of CO2 in water, therefore the 
rate of carbonation deceases. However, as the carbonation reaction is exothermic, the heat of reaction promotes 
the formation of metastable forms of CaCO3. To obtain the desired stable polymorph (i.e. calcite) the process 
should be maintained at low temperatures in the range of 0–10 ◦C. Tests have shown that more calcite is formed 
if very cold carbonic acid is used for carbonation (S. Asavapisit et al., 1997).  
 
Reactivity of CO2 with solid products: 

 
In order to achieve an effective carbonation, the solid must have certain chemical properties, which are as 

follows:  
 
Solid composition: 
 

The presence of specific metals in the waste and certain cementitious materials such as concrete might 
influence the rate of the carbonation reaction and therefore, the formation of the amount of calcium carbonate 
(L.C. Lange et al., 1996). Metals like Pb, Cd, Ni, can cause an increase in permeability and pore size 
distribution. From experimental analysis, it was shown that the amount of calcium carbonate deposited in 
carbonated metal-doped solid can be up to 40% higher than in samples that have not been doped carbonated 
metals (D. Bonen and S. Sarkar, 1995).Some organics and anions can react and affect the effective diffusion co-
efficient of CO2 and also can reduce carbonation. Therefore, the composition of the solid phase can give an idea 
of the extent of carbonation that can be achieved (A. Fabbri et al., 2009).   
 
Water content: 
 

Sometime the reaction of CO2 is necessary to be promoted by the water. However, excess water creates 
blockage of the pores in the solid and therefore, decreases the reaction between the CO2 and the solid 
substances. Water also takes part in the salvation and hydration of the carbon dioxide. It helps Ca2+ ions of the 
solid to dissolve and form CaCO3. Therefore, it influences the amount of product generated, which is related to 
the strength development of the solid. 

Electrochemical investigations and studies by X-ray methods have shown that the acidity and resistance of 
the solution increase sharply after admittance of carbon dioxide at high water-to-cement ratios (w/c), ranging 
between 2 and 4, which is the evidence of the effective penetration of CO2 into such pastes (Figure 4). However, 
high strength product cannot be obtained at high w/c ratios. At w/c ratios from 0.28 to 0.4, CO2 does not diffuse 
into the depth of the material. 

At low w/c ratios, the gas permeability increases and therefore, the CO2 diffuses effectively into the 
material. Hence, the optimum w/s ratio has been found to be in between 0.06 and 0.20 (M. A. Sorochkin et al.; 
1995, S. Asavapisit et al., 1997 and W. A. Klemm et al., 1972). w/c ratio greater than 0.25, the reaction is 
effectively slowed down and the CO2 endorsement is low although Yousuf et al. reported  that  successfully 
carbonation happens with the w/c values up to 0.35 (M.Yousuf et al., 1993). Lange et al. also showed that 
different water contents (in some cases higher than 0.2) are required for different cement types in order to 
achieve the same degree of carbonation (L.C. Lange et al., 1996). 

pH: The pH value of pore water in the hardened concrete is generally between 12.5 to 13.5 depending upon 
the alkali content of cement. The alkaline environment of the solid creates metals hydroxides which form 
carbonates in the presence of CO2 (S. Asavapisit et al., 1997).The high alkalinity forms a thin passivating layer 
around steel reinforcement and protects it from the action of oxygen and water (M. Fernandez Bertos et al., 
2004). 
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Fig. 4: The variation of hydrogen-ion concentration (pH) with time in a CO2 atmosphere at various water– 
             cement ratios (w/c ratio): (1) 4.0; (2) 2.0; (3) 0.4; (4) 0.28; (5) 0.12 (M. A. Sorochkin et al., 1995). 

 
Ca content:  
 

Carbonation is known to occur in materials which have Ca content. Higher concentration of Ca in a 
material, enhance the result of carbonation (D.C. Johnson, 2000). 
 
Specific surface area & Permeability: 
 

 Materials having lower surface need less water to get optimum carbonation (B. Johannesson and P. 
Utgenannt, 2001). When the gas permeability of the cementitious material is high, CO2 penetration enhances 
and subsequently facilitates carbonation (M. A. Sorochkin et al., 1975). 
 
Nature of carbonation at various environments: 

 
The main factors that have led to the search of alternative routes of natural carbonation of cementitious 

materials are the reliance of the reaction of CO2 and the water content of the system.  
In static system, when carbonation is carried out under pressure, the penetration of CO2 into the sample 

controls the reaction rate due to the lower vaporization of water in the sample and slow carbonation occurs. At 
elevated pressures, larger amount of CO2 gas introduces throughout the sample before occurring pore closure; 
therefore, carbonation is enhanced (J.M. Bukowski and R.L. Berger, 1979). When carbonation is attempted to 
occur with dry CO2, water starvation is happened ( J. Walton et al., 1997). 

In a dynamic system, the reactivity of cementitious materials is enhanced due to higher collision; leading to 
a higher amount of carbonation even at low pressures. In this case carbonation reaction is completed at near 
vacuum conditions with the help of a desiccant; the water generated by the reaction maintains an open pore 
network ( M. A. Venhuis and E.J. Reardon, 2001). Nevertheless, carbonation at near atmospheric pressures (1–5 
bars) is only considered here to be practical and cost-effective. 

In the supercritical carbonation, CO2 gas increases the reactivity into the inner surface of the cementitious 
solid micro structure, by dissolving the pore water content and replacing the structurally bound water of 
Ca(OH)2 and C–S–H with CO2 (T. Hartmann et al.,1999). In this case, CO2 behaves just like a dense gas, acting 
as a solvent for water, but exhibits no surface tension, allowing penetration into very fine pores (T. Hartmann et 
al.,1999). The result is a product with enhanced mechanical properties, and a considerable morphological 
change (R. H. Jones, 1996). 
 
Scale-up of carbonation process: 

 
Accelerated carbonation technique has a high degree of potential in industry. Pilot-scale trials have already 

been started to use on process of waste in soap manufacturers (known as Galligu) (D. Barr et al., 2003). The 
treated product was granular aggregates and was used on the site as engineering fill, as it met Highways Agency 
Specifications after treated. In addition, the immobilizations of contaminants or leaching properties in Galligu 
were improved, allowing the treated material to be used in contact with ground water (D. C. Johnson, 2002). 
This followed the earlier trials on contaminated land in Dartford where more than 99% of the heavy metals 
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contained soil was immobilized (D. Parker, 2000) and leached; were able to meet drinking water standards for 
the metals of concern.  

Other authors have considered the possibility of carrying out direct carbonation in a rotary kiln-type 
operation, or a fluidized bed process (M. Fernandez Bertos et al., 2004). In this process heat integration is 
required so that there is heat exchange between the hot reaction products and the cold reactants. They mentioned 
that direct carbonation could be the best method if the raw materials react quickly with CO2 at elevated 
temperature. Through, the need of working at high pressure can raise the costs of the process significantly (K.S. 
Lackner et al., 1995). 
 
Consequence of carbonation: 

 
The products obtained from the carbonation of industrial waste have different physical and chemical 

changes over the waste material being treated. Detailed explanations of these consequences are as follows; 
 
1. Physical consequences: 

 
In the carbonation solid phases, ionized carbon dioxide induces salvation of calcium ions, which then re-

precipitate in the pore space and form a solidified product of CaCO3, is accompanied by an increased in solid 
volume (B. Johannesson and P. Utgenannt, 2001), which is expressed by the following reaction 
 
CH+ →C +H                                                                       (8) 

 
Here, each mole of calcium hydroxide (specific gravity 2.24g/mol, molar volume 33.0ml) is converted to 

the carbonate (specific gravity 2.71g/ml, molar volume 36.9ml) with a consequence of 11.8% increased solid 
volume. The calcium carbonate is precipitated in the pore structure of the matrix of the cementitious material 
and this increase in volume will lead to structural changes.  
 
2. Chemical consequences: 

 
The pH of the system gradually drops by around 3 units due to progressive carbonation, leading to altered 

solubility (sometimes lower, sometimes higher) of contaminant metals solidifies in the waste form ( J. Walton et 
al., 1997). The decrement of pH in the carbonation process is dependent on the relation between the rates of 
dissolution of the solid calcium hydroxide and the rate of consumption of OH− in the carbonation process. It can 
be expressed by the following equation (B. Johannesson and P. Utgenannt, 2001). 
 
Ca(OH)2(s) → Ca2+(aq)+ 2OH−                                                                       (9) 

 
When solid Ca(OH)2 is consumed, the process becomes diffusion controlled, therefore, the dissolution rate 

becomes slower. Consequently, a high concentration of hydroxide ions in the pore solution cannot be 
maintained when carbonation takes place (B. Johannesson and P. Utgenannt, 2001). There is also a change in 
the redox conditions. The acid neutralizing capacity (ANC) of carbonated systems increases under acidic 
conditions. Experimental work on carbonated municipal solid waste bottom ash has demonstrated that at pH 5, 
the ANC can double, reaching a value of 0.88meq/g after 48 h of accelerated carbonation (A. Polettini et al., 
2003). 

Heavy metal immobilization in carbonation process can be related to either physical containment or 
chemical fixation. The lower solubility of some heavy metals in the alkaline solution explains the chemical 
fixation of heavy metals with CO2. Alternatively, the major anions (i.e. nitrate, sulphate, chloride, fluoride) are 
usually incorporated in the lattice or in the interlayer regions of the hydration product including C–S–H. These 
products have low solubility at high pH conditions, but are unstable at the pH range of 7-8.5 produced by the 
carbonation reaction and dissolve releasing their entrained anions. These anions will finally precipitate as salts 
that are soluble in water and can be readily leached by water ( M. A. Venhuis and E.J. Reardon, 2001). 
 
3. Micro structural changes: 

 
Portlandite (an ore of stone found in Portland) is arranged in a crystalline structure, which is assumed to be 

intimately inter grown with the C–S–H (I.G. Richardson and G.W. Groves, 1993). The micro structure is 
characterized by the precipitation of calcite in the pores, the decalcified C–S–H gel, and the production of 
gypsum from the decomposition of ettringite. 

During carbonation, the three polymorphs of calcium carbonate may be produced. The morphology of 
calcite is characterized by small, tightly packed crystals (<3µm) of acicular shape. Some micro cracking is also 
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noticeable caused by the volume expansion during the reaction (B. Johannesson et al., 2001 and L.C. Lange et 
al., 1996), while Lang et al. say that it is the result of thermal stresses caused by heat generated during 
accelerated carbonation (L.C. Lange et al., 1996). 

The C–S–H is not converted into silica gel by the reaction with CO2. This gel has an unbranched polymeric 
structure, and by means of carbonation, polymerization is promoted with a structural rearrangement (M.Yousuf 
et al., 1993) leading to a silica frame work dominated structure. After carbonation, a calcite-rich matrix which 
fills the pores of the system is observed when analyzing wastes containing heavy metals. The residual non 
carbonated grains are enveloped by a silica-rich decalcified rim which also encapsulates heavy metals such as 
Pb and Zn. Other metals such as Ni and Cr are appeared to be immobilized in the calcite-filled porosity (L.C. 
Lange et al., 1996). 
 
4. CO2 consumption of RC materials: 

 
Pressed ground stainless steel slag has been found to react readily with CO2 at low pressure with 

approximately 18% of its own weight (D. C. Johnson et al., 2003). Other experiments have shown that CO2 
consumption can be realized up to 50% (weight to weight ratio) for the repeated carbonation (C. D. Hills and 
C.L. Mac Leod, 2000). Jones (R.H. Jones, 1997) mentioned in his study on carbonation of cementitious material 
that the amount of CO2 consumed by RC material is equivalent to the quantity of calcium hydroxide that 
presents in the hydrated cement paste; however, C–S–H and aluminate phases may also be carbonated.  

Theoretical maximum CO2 uptake capacity due to carbonation could be a function of chemical 
compositions of the original material and can be calculated by Steinour formula (A. Fabbri et al., 2009) given in 
Eq.(9) 
 
CO2(%) = 0.785(CaO − 0.7SO3) + 1.09Na2O + 0.93K2O           (10) 
 
5. Leaching behaviour: 

 
There is a selective release of specific waste components (as in non-carbonated products) due to the changes 

in the micro structure, pH and redox conditions. The effect of carbonation has two folds viz., effect on some 
heavy metals form hydroxi-carbonate or carbonate and on deposited calcium silicates (Tian Sicong et al., 2011). 
However, for many metals the decrease in the pH reduces metal mobility, whilst for others there is an inversely 
proportional relationship between the pH and the leaching rate. For certain species, there is a stabilization of 
metal carbonate precipitates, due to the provision of inorganic CO2, whilst at the same time there is an increase 
in the leaching rate due to the lowering of the pH. 
 
Application of Carbonation: 

 
1. Natural carbonation in cementitious meterials: 

 
The application of natural carbonation for the formation of carbonated cementitious systems is not new. 

Man has been using mortars and alkaline earth hydroxide cements, which strengthen due to their reaction with 
atmospheric CO2, for thousands of years. However, the development of strength in these calcareous cements is 
slow and uneven for low partial pressure of CO2 in the atmosphere (which is only 0.03–0.06%v/v), and the slow 
rate of diffusion of CO2 into mortar (J.M. Bukowski and R.L. Berger, 1979). Furthermore, ordinary Portland 
cement (OPC)-based reinforced cement concrete (RCC) materials are usually exposed to percolating ground 
water or in filtrated rain water and are therefore subjected to corrosion. If the water contains CO2 and 
subsequently form carbonic acid and the effect of that carbonic acid neutralizes the alkalis in the pore water. The 
calcium silicate hydrate gel (C–S–H), which is the dominant hydration product resulting from normal hydration 
of OPC, is dissolved by the acidic environment, consequently affecting the leachability characteristics and the 
durability of cementitious products for long time. As acid attack proceeds, a considerable amount of dissolution 
of primary cementitious phases and the precipitation of secondary phases produce. The main secondary mineral, 
CaCO3, is formed in the presence of moist CO2 with Ca2+, which is mobilized via the dissolution of calcium 
hydroxide (portlandite), and formed the de-calcification of the gel phase, C–S–H (D. Bonen and S. Sarkar, 1995) 
to leave silicate hydrate. 
 
2. Carbonation on compacted cementitious systems: 

 
Carbonation could be occurred to the compacted systems, such as cement mortar. It mainly takes place in 

the outer portions of monoliths. The initial reaction on exposure of CO2 appears to be an accelerated hydration 
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of the silicates to form a C–S–H-like gel and calcite. After 3min of carbonation, the amount of C3S reacts with 
CO2 in similar to that of hydration of cementitious materials after 12 hr (M. Fernandez Bertos et al., 2004). 

The stoichiometry of the initially formed C–S–H gel is similar to that found in conventional hydration. 
Further reaction results in progressive carbonation of the gel with the consequent decrease in its content of 
calcium. However, the strength development in the compacted mortar exposed to CO2 is much more rapid than 
during normal hydration (M. Fernandez Bertos et al., 2004). Experiments have shown that approximately 
1000kg/cm2 is obtained within 15min in carbonated Portland cement paste, confirming the potential of 
carbonation to accelerate the hardening of thin-walled materials (M. A. Sorochkin et al., 1975). 
 
3. Carbonation as a solidification technique: 

 
Solidification can be defined as the chemical binding process, which binds toxic waste matter into solid 

bulks or physically cuts them off from the outside by forming a capsule(S. K. Roy et al., 1999). It is a process 
that converts potentially toxic waste materials into less toxic solid materials before land filling (Virgine Wiktor 
et al., 2011 and C. Rha et al., 2000). It is attractive because it offers an assurance of chemical stabilization (at 
high pH) of many compounds and produces same waste forms that are chemically stable. It is a recognized way 
of disposing of solid wastes (L.C. Lange et al., 1996) and even water contaminated with toxic heavy metals (S. 
Valls, E. Vazquez, 2001). The choice of binder is a balance between cost and environmental considerations. The 
more C3S or calcium the binder contains, the higher the potential for producing a carbonated product obtains. 

Furthermore, legislation restricting disposal to landfill is driving the growing interest in stabilization/ 
solidification for re-cycling certain waste materials, including the products of incineration or composting (J. 
chang, 2002). This could be achieved by producing solid waste through carbonation. Brief discussion of this is 
given in the subsequent subsection. 
 
3.1. Stabilization of wastes by carbonation: 

 
Cement-solidified hazardous wastes are susceptible to carbonation. Carbonating the solidified waste before 

landfill lowers the pH to values corresponding with them in immune-solubility of many heavy metals and to 
within regulatory defined limits (pH < 9.5). This leads to general improvements in metal immobilization. 
However, the reduction of the buffering capacity of the solidified matrix due to the lowered alkalinity makes the 
waste more vulnerable for the effects of acid attack and, hence, to the release of heavy metals in the long term 
(R. E. H. Sweeney et al., 1999), especially where open containment systems are employed. Carbonation also 
increases the acid neutralizing capacity (ANC) of the material under acidic conditions. For instance, the ANC of 
bottom ash was increased from 0.46–0.48meq/g to 0.88meq/g (at pH 5) after 48h accelerated carbonation (A. 
Polettini et al., 2003). Carbonation of cement–waste mixtures leads to changes in the micro structure; increase 
the strength values (based on non-confined crushing tests) by up to 70% higher and can decrease the leaching of 
metals.  

From the study of carbonation of solidified low-level radioactive wastes it is found that some radionuclides 
pass through the carbonated zone and may react forming a solid solution with calcite (R.W. Smith and J. C. 
Walton, 1991). 
 
3.2. Stabilization of contaminated soils by carbonation: 

 
 By using CO2 gas at atmospheric or slightly positive pressure, and carbonating with it a mixture of the 

contaminated soil and an appropriate binder, the reaction can be carried out within a few minutes. Suitable 
binders are quicklime, slaked lime, Portland cement and a variety of waste products, including slag. 

 In addition, there are naturally occurring calcium silicate minerals that also have potential for carbonation 
(C. D. Hills and C.L. Mac Leod, 2000). The major advantage of this treatment over conventional solidification / 
stabilization systems, in which long curing time may be required, is that with carbonation the soil is immediately 
available for development. The carbonation technique underwent successful pilot-scale field trials in September 
2000 when accelerated carbonation was applied at an ex-pyrotechnics site at Dartfordin Kent (A. George, 2000). 
Soil on the site had general elevated levels of heavy metals, with isolated contaminant hotspots across the site 
(K. Canning et al., 2003). 
 
4. Carbonation in the recycling of waste streams: 

 
For the treatment of non-hazardous waste streams accelerated carbonation reactions can be applied to 

improve their re-use in some way (T. Van Greven et al., 2004). For instance, powdered materials with high 
surface area and appropriate chemical properties are suitable for solidification to produce useful products (F. 
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Sanchez et al., 2002). Through carbonation, the waste is consolidated and a solid material with greater strength 
is produced (L. Liu et al., 2001 and Ranjit et al., 2012). 
 
Conclusions: 

 
The effect of carbonation and accelerated carbonation on the properties of cementitious materials is seen to 

be advantageous in most of the cases. However, there are some limitations of this system if the percentage of the 
presence of heavy metals in the cementitious material is high and permeability is low. The potential applicability 
of carbonation technology is seen to be not only to stabilize a vast range of waste materials, but also to generate 
products with specific physical and chemical properties. To be susceptible of carbonation, the materials must be 
inorganic in nature, containing calcium and/or silicon salts. They may be hydraulic, pozzolanic, lime-bearing or 
other CO2 reactive calcium-containing materials with heavy metals. 

Greater carbonation is achieved when the solid has high concentration of CaO, and presents a high surface 
area. As regard the exposure conditions, the carbonation is optimum when the relative humidity is kept at 50–
70% and the pressure is slightly positive. After carrying out the treatment of waste by carbonation, the 
contaminants, namely heavy metals, are either absorbed or insolubilized, or physically encapsulated. 
Carbonation could have either beneficial or deleterious effect on (trace) the element mobility in cement-based 
systems, which seems dependent on the type of waste, and the type and severity of the CO2 treatment. 

The strength developed in a carbonated solid can be up to 45% higher than those developed in curing in N2 
atmosphere. Some waste materials could have consumed more than 50% CO2 (weight to weight ratio), which 
indicates the great potential for the utilization of CO2 emissions. Besides, forced carbonation provides away of 
sequestering CO2 as a solid salt in a variety of treated products reducing landfill waste volumes. 
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