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This research investigates the influence of Accelerated Carbonation Curing (ACC) on the 

mechanical and durability characteristics of concrete. The study evaluates compressive 

strength, modulus of elasticity, and water absorption under various CO₂ pressures and curing 

durations. Experimental data confirm that ACC enhances these properties by reducing porosity 

and improving structural density. A comprehensive literature review supports the findings, 

focusing on carbonation mechanisms, predictive models, and the long-term performance of 

ACC-treated concrete. Predictive models based on Fick's law are developed to estimate 

carbonation depth. The results emphasize the sustainability potential of ACC in modern 

construction practices. 

 

Keywords: Concrete; Durability; Strength; Carbonation; Curing 

 

1. Introduction 

Concrete's widespread use in infrastructure is attributed to its cost-effectiveness, versatility, 

and high compressive strength [1, 2]. However, durability issues, such as carbonation-induced 

corrosion of reinforcement, have prompted research into preventive strategies [3]. Carbonation 

occurs when atmospheric CO₂ penetrates the concrete and reacts with calcium hydroxide 

(Ca(OH)₂), forming calcium carbonate (CaCO₃), which reduces alkalinity and promotes 

corrosion[4]. 

Accelerated Carbonation Curing (ACC) accelerates this process to improve concrete 

properties. It involves curing fresh concrete under controlled CO₂ pressure and humidity, 

leading to early strength gain, reduced porosity, and enhanced durability [5,6]. This study 

assesses ACC's impact on key concrete properties under varying curing conditions and 

develops predictive models for carbonation depth. 

 

2. Literature Review 

 

2.1 Mechanisms of Carbonation 

Carbonation progresses through concrete pores, depending on permeability and environmental 

conditions [7]. Studies have shown that carbonation is optimal at a relative humidity of 40-
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90% [8]. Cracks significantly accelerate carbonation by creating direct pathways for CO₂ 

diffusion [9]. 

 

2.2 Accelerated Carbonation Curing (ACC) 

Research on ACC demonstrates that it improves early-age compressive strength, reduces water 

absorption, and enhances chloride resistance [10, 11] . Zhang et al. (2016) found that ACC-

treated concrete showed 50% lower chloride ingress compared to conventionally cured 

samples [12] . However, the effectiveness of ACC varies with CO₂ pressure, curing duration, 

and mix design [13]. 

 

2.3 Predictive Models for Carbonation 

Models based on Fick's law have been widely used to estimate carbonation depth. The equation 

relates carbonation depth (d) to exposure time (t) and a carbonation coefficient (K) influenced 

by curing conditions and material properties [14, 15]. Neves et al. (2012) proposed a 

probabilistic approach to incorporate environmental variability into the model [16]. 

 

2.4 Environmental and Sustainability Benefits 

ACC contributes to sustainable construction by sequestering CO₂ in concrete, thereby reducing 

the carbon footprint of construction materials [17, 18]. Studies emphasize that ACC can 

integrate well with green building practices by enhancing long-term durability and minimizing 

maintenance requirements [19, 20] . 

 

2.5 Research Gaps 

Despite extensive research, gaps remain in scaling laboratory findings to field conditions, 

optimizing curing parameters for diverse environments, and validating long-term performance 

[21, 22]. Further studies are needed to refine predictive models and explore the interactions 

between ACC and other durability factors [23, 24]. 

 

3. Research Methodology 

 

3.1 Experimental Setup 

Concrete samples were prepared using Ordinary Portland Cement (OPC), crushed stone 

aggregates, and a water-to-cement (w/c) ratio of 0.4 [25]. Samples were cast into standard 

molds and subjected to ACC under varying conditions of CO₂ pressure (10 to 60 psi) and 

curing duration (1 to 10 hours) [6]. 

 

3.2 Testing Procedures 

• Compressive Strength: Tested using a universal testing machine at 7, 14, and 28 day. 

• Modulus of Elasticity: Measured under uniaxial loading in accordance with ASTM 

C469. 

• Water Absorption: Evaluated through immersion tests to determine the durability of 

concrete. 
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3.3 Mathematical Modeling 

The carbonation depth model is expressed as: d = K√t,  

Where K is a function of CO₂ pressure, curing time, and environmental parameters 

 

4. Results and Discussion 

 

4.1 Compressive Strength 

Control samples achieved a compressive strength of 40 MPa at 28 days, while ACC-treated 

samples reached 57 MPa under optimal conditions (60 psi and 9 hours) [2, 10]. The formation 

of CaCO₃ improved matrix density and strength development [11]. 

 

Table 1: ACC Samples Data 

Specimen 

ID 

CO2 

Pressure 

(psi) P 

Curing 

Duration 

(hours) T 

Modulus 

of 

Elasticity 

(GPa) E 

Water 

Absorption 

(%) W 

Compressive 

Strength 

(MPa) S 

1 10 1 31 4.5 42 

2 10 2 31.5 4.4 43 

3 10 3 31.7 4.3 44 

4 10 5 32 4.2 45 

5 10 10 32.5 4.1 46 

6 20 1 32 4.4 43 

7 20 2 33 4.3 45 

8 20 3 33.5 4.2 47 

9 20 5 34 4 49 

10 20 10 34.5 3.9 51 

11 30 1 32 4.3 44 

12 30 2 33.5 4.2 46 

13 30 3 34 4.1 48 

14 30 5 34.5 3.9 50 

15 30 10 35 3.8 52 

16 40 1 33 4.2 45 

17 40 2 34 4.1 47 

18 40 3 34.5 4 49 

19 40 5 35 3.8 51 

20 40 10 36 3.7 53 

21 50 1 34 4.1 46 
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22 50 2 35 4 48 

23 50 3 35.5 3.9 50 

24 50 5 36 3.7 52 

25 50 10 36.5 3.6 54 

26 60 1 34.5 4 47 

27 60 2 35.5 3.9 49 

28 60 3 36 3.8 51 

29 60 5 37 3.7 53 

30 60 10 37.5 3.6 55 

31 10 7 31.8 4.2 45 

32 20 7 33.8 4.1 48 

33 30 7 34.8 4 51 

34 40 7 35.8 3.9 53 

35 50 7 36.8 3.8 54 

36 60 7 37.8 3.7 55 

37 10 8 32 4.1 46 

38 20 8 34 4 49 

39 30 8 35 3.9 52 

40 40 8 36 3.8 54 

41 50 8 37 3.7 55 

42 60 8 38 3.6 56 

43 10 9 32.2 4 47 

44 20 9 34.2 3.9 50 

45 30 9 35.2 3.8 53 

46 40 9 36.2 3.7 55 

47 50 9 37.2 3.6 56 

48 60 9 38.2 3.5 57 

49 60 10 37.5 3.6 55 

50 60 10 37.5 3.6 55 

 

Table 2: Control Samples Data 

Specimen 

ID 

Curing 

Duration 

(days) 

CO2 Pressure 

(psi)  

Compressive 

Strength (MPa) 

Modulus 

of 

Elasticity 

(GPa) 

Water 

Absorption 

(%) 



                                               Effects Of Accelerated Carbonation Curing.... Pankaj Rathore et al. 4258  

 

Nanotechnology Perceptions 20 No. S15 (2024) 4254-4260 

1 1 10 18 25 5.2 

2 2 10 22 26 5.1 

3 3 10 26 27 5.1 

4 5 10 29 27.5 5.0 

5 7 10 30 28 5.0 

6 10 20 32 28.5 5.0 

7 14 20 35 29 5.0 

8 16 20 36 29.2 5.0 

9 18 20 37 29.4 5.0 

10 21 20 38 29.5 5.0 

11 23 30 39 29.8 5.0 

12 24 30 39.5 29.9 5.0 

13 25 30 39.8 29.95 5.0 

14 27 30 40 30 5.0 

15 28 30 40 30 5.0 

16 1 40 18.5 25.5 5.3 

17 2 40 21.8 26 5.2 

18 3 40 25.6 26.8 5.1 

19 5 40 28.9 27.4 5.0 

20 7 40 30.5 28 5.0 

21 10 50 32.2 28.6 5.0 

22 14 50 34.9 29.1 5.0 

23 16 50 36.2 29.3 5.0 

24 18 50 37.1 29.4 5.0 

25 21 50 38.1 29.6 5.0 

26 23 60 39 29.8 5.0 

27 24 60 39.3 29.9 5.0 

28 25 60 39.7 29.95 5.0 

29 27 60 40 30 5.0 

30 28 60 40 30 5.0 

31 1 10 17.5 24.8 5.3 

32 2 20 21.5 26 5.2 

33 3 30 25 26.7 5.1 

34 5 40 28.5 27.4 5.0 

35 7 50 30.1 28 5.0 

36 10 60 32 28.7 5.0 

37 14 10 34.5 29.2 5.0 
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38 16 20 36 29.3 5.0 

39 18 30 37 29.4 5.0 

40 21 40 38 29.5 5.0 

41 23 50 39 29.8 5.0 

42 24 60 39.5 29.9 5.0 

43 25 10 39.8 29.95 5.0 

44 27 20 40 30 5.0 

45 28 30 40 30 5.0 

46 1 40 17.8 25.1 5.3 

47 2 50 21.2 26.1 5.2 

48 3 60 25.2 26.9 5.1 

49 5 60 28.8 27.5 5.0 

50 7 60 30.3 28 5.0 

 

4.2 Modulus of Elasticity 

The modulus of elasticity increased from 30 GPa in control samples to 38.2 GPa in ACC-

treated samples [13]. Improved structural integrity resulted from reduced porosity and 

increased calcium carbonate content [4]. 

 

4.3 Water Absorption 

Water absorption decreased significantly in ACC-treated samples, with a minimum value of 

3.5% [5]. Reduced porosity improved resistance to environmental degradation, limiting the 

ingress of harmful ions [15]. 

 

4.4 Predictive Modeling 

The carbonation depth model showed a strong correlation with experimental data. The 

carbonation coefficient varied with curing parameters, emphasizing the need for optimized 

ACC protocols. 

 

5. Conclusions 

This study confirms that Accelerated Carbonation Curing enhances the mechanical and 

durability properties of concrete. ACC-treated samples exhibited higher compressive strength, 

increased modulus of elasticity, and reduced water absorption. Predictive models based on 

Fick's law provide valuable insights for optimizing curing conditions. These findings support 

ACC as a sustainable construction practice, contributing to both enhanced durability and CO₂ 

sequestration. 
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