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ABSTRACT 

The limited solar energy absorption capacity of CaCO3 hinders its efficacy in 

thermochemical energy storage (TCES) systems for concentrated solar power (CSP) 

facilities. This study aims to tackle this problem by introducing Cu2O as a dopant in 

CaCO3. Cu2O possesses a bandgap that is more conducive to solar absorption. This 

study examines the structural, optical, and thermal characteristics of CaCO3 doped 

with Cu2O to improve its effectiveness in TCES applications. Therefore, the current 

study investigates the sunlight absorption of CaCO3 material after doping Cu2O. Cu2O 

in CaCO3 is doped and its UV, FTIR, and XRD characteristics are analyzed. 

Furthermore, non-isothermal and isothermal calcination was conducted to 

determine the kinetics and lower the calcination temperature limit. The results reveal 

that Cu2O introduced no new phase in CaCO3, and XRD data confirmed it. UV data 

reveals that the Cu2O-doped CaCO3 has a bandgap of 5.01 eV, while pure CaCO3 has 

a bandgap of 5.30 eV. According to the kinetic analysis, Cu2O-doped CaCO3 follows 

the three-dimensional diffusion (D3) model. Its activation energy is 644.3 kJ/mol, 

while pure CaCO3 follows the D1 model, and its activation energy is calculated as 

234.8 kJ/mol. The lowest calcination temperature limit for pure and Cu2O-doped 

CaCO3 samples is 750°C. Hence, the proposed material is recommended for use in 

thermal energy storage applications. 
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1. Introduction 

Concentrated solar power (CSP) plants are being installed to fulfil the energy demands because they are 

potentially worthy of generating dispatchable renewable electricity [1, 2]. Solar tower systems are predicted to 

contribute 11% to the global electricity demand by 2050, which amounts to 954–1080 GW [3]. CSP plants operate 

smoothly after integrating a thermal energy storage (TES) system and the use of TES systems in operational CSP 

plants is found to be 40%. In the case of under-construction and newly planned CSP plants, the demand for TES 

systems has risen to 80% [4]. These power plants use a molten salt-based TES system, which absorbs 

concentrated solar energy and is stored in an insulated tank for later use. Molten salt-based TES systems are 

simple, but they limit the plant's performance because of the maximum temperature limit of 560°C (above this 

temperature, salt degrades). Hence, the efficiency of the electricity generation cycle becomes limited. Furthermore, 

salt corrodes plant material and its solidification temperature is around 220°C; hence, it requires extra energy to 

regulate the temperature above this threshold [5-8]. Therefore, a better TES system with fewer limitations is 

needed. Some interesting TES systems and their applications are discussed in these studies [9]. 

A thermochemical energy storage (TCES) system is a potential candidate because it is noncorrosive, has high 

energy storage density and can operate at temperatures above 600°C [10, 11]. These advantages make it superior 

to sensible TES systems [12-14] and latent TES systems [15, 16]. In the TCES system, energy is charged when the 

material's endothermic decomposition occurs and the energy is discharged due to a reversible exothermic 

synthesis reaction. The commonly used TCES reaction pairs are metal redox [17, 18], carbonates [19, 20], hydrides 

[21], sulphur [22], ammonia [23], methanol [24] and hydroxides [25]. The CaCO3/CaO reaction pair, a carbonate-

based TCES material, is chosen for investigation because it is abundant and cheap [26, 27], has high energy 

storage density and reaction enthalpy and its working temperature is higher than 900°C [19]. When integrated 

with a CSP, its operation starts by concentrating the sunlight on CaCO3, which absorbs the thermal energy at the 

required high temperature and decomposes endothermically into CaO and CO2. These products are stored until 

the stored energy is required to meet electricity demand [28]. CO2 and CaO are allowed to react exothermically 

upon energy demand and the thermal energy is discharged, which further produces electricity. Therefore, the 

CaCO3/CaO TCES system, also known as the calcium looping (CaL) process, is suitable for commercial applications 

[26, 27, 29]. Its chemical equation is given below:  

𝐶𝑎𝐶𝑂3 ⇋ 𝐶𝑎𝑂 + 𝐶𝑂2 ;  ∆𝐻𝑟,298𝐾 = ±177.8 𝑘𝐽/𝑚𝑜𝑙 (1) 

The performance of the CaCO3/CaO TCES system is dependent on factors like reaction environment [30], 

reaction temperature [31], particle size [32] and reaction duration [33]. These parameters directly affect the 

material's reactivity and improving any of them can improve the system's efficiency. This can be achieved by 

pretreatment of reactants [5] and using dopants in CaCO3 [34]. These techniques aim to avoid the sintering of 

particles, which affects the reversible carbonation of CaO by restricting the diffusion of CO2. The sintering of 

particles occurs when the calcination of CaCO3 occurs at temperatures above 800°C. Therefore, doping inert 

materials in CaCO3 has been found to be helpful in improving the calcination reaction rate. Various inert materials, 

for example, Li2SO4 [35], SiO2 [36], Ca3Al2O6 [37], AlOOH [38], TiO2 [39], ZnO [34], MgO [40] and CeO2 [41], have 

been investigated for their effects on the calcination reaction of CaCO3 and its kinetics. The following paragraph 

discusses the effects of these dopants on the kinetics of the calcination of CaCO3. 

Jin et al. [38] doped AlOOH in CaCO3 and investigated its effects on the kinetics of the calcination reaction. The 

composite material followed the one-dimensional diffusion (D1) model and the new activation energy was 301.4 

kJ/mol. Similarly, Chen et al. [42] and Shui et al. [43] doped SiO2 in CaCO3, and their findings about the kinetics 

reveal that the reaction follows the D1 model. The value of activation energy determined by Chen et al. [42] is 

212.9 kJ/mol and by Shui et al. [43] is 155 kJ/mol. Elsewhere, Yanase et al. [41] investigated the effects of CeO2 on 

the reaction kinetics of the CaCO3 and found that the calcination reaction occurs under the three-dimensional 

diffusion (D3) model while the activation energy is 40 kJ/mol. Mathew et al. [44] tested the CaCO3/Al2O3 composite 

in a reactor and reported its activation energy as 215.21 kJ/mol at 0.6 bar. The reaction kinetics of the composite 

followed the Avrami model with exponent 3. All these studies investigated the kinetic analysis using Coats-Redfern 

(CRF) integral method and Achar-Brindly-Sharp (ABS) differential method equations [45, 46]. Some researchers 
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investigated the kinetics of the CaCO3 using the Kissinger method [47]. Khosa et al. added SiO2 [48] and ZnO [34] 

in CaCO3 separately and studied the effects of both dopants using the Kissinger method, which yielded activation 

energies of 123.6 and 149.7 kJ/mol, respectively. Similarly, Xu et al. [49] studied the effects of TiO2 on the kinetics 

of CaCO3 and reported its activation energy to be 149.75 kJ/mol. All these studies used a dopant material to 

investigate its effects on the kinetics of the CaCO3 and its parameters. 

Therefore, Cu2O was chosen as a dopant for CaCO3 and investigated its kinetics using CRF and ABS equations. 

To the best of our knowledge, Cu2O has not been used in CaCO3/CaO-based TCES systems. This material was 

selected because its melting point (∼1508 K [50]) is higher than the calcination temperature of CaCO3 (950°C [48]). 

Furthermore, it has a bandgap of 2 eV [51], which makes it capable of absorbing most of the solar spectrum. This 

property of Cu2O can help improve the sunlight absorption capability of CaCO3. Cu2O is also an abundantly found 

non-toxic material. 

This study investigates the effects of Cu2O dopant on the CaCO3/CaO TCES system. In this regard, the kinetic 

analysis of the pure and Cu2O-doped CaCO3 samples is performed and their calcination reaction rate equations 

are formulated. The effect of Cu2O dopant on the UV absorption and crystal structure of CaCO3 is also investigated. 

Furthermore, calcination at various temperatures helps determine the lowest calcination temperature at which 

CaCO3 stores energy efficiently. FTIR analysis is conducted to observe the functional groups in the composite 

materials. 

2. Material Preparation and Experimental Methods 

To produce Cu2O-doped CaCO3 composite materials, specific quantities of Cu2O and CaCO3 were measured 

following the necessary ratios. Cu2O amounts in weight percentages such as 0.5%, 1%, 2%, and 5% were doped in 

CaCO3, and the samples were labelled as CCu1, CCu2, CCu3, and CCu4, respectively. Subsequently, the measured 

quantities were amalgamated in a mortar. The mixture was manually crushed for 30 minutes using a pestle to 

guarantee comprehensive blending and achieve a homogeneous dispersion of the nanoparticles. The mechanical 

grinding procedure enhances the close interaction between Cu2O and CaCO3 particles, facilitating the creation of 

composite nanoparticles. The Cu2O-doped CaCO3 composites were collected and analyzed to define their 

characteristics and assess their potential applications.  

The composites were analyzed for their phase and structural properties using X-ray diffraction (XRD: D8-

ADVANCE Da-Vinci), Fourier Transform Infrared Spectroscopy (FTIR: Nicolet 6700) and UV-Vis-NIR (LAMBDA 750) 

spectrophotometry. XRD with Cu-Kα radiation was used to identify the crystalline structure. FTIR, employing the 

KBr pellet method, was utilized to examine the chemical composition across a range of wavelengths from 400 to 

3700 cm⁻¹. The UV-Vis-NIR spectrophotometer analyzed absorption spectra and energy bandgap within the 250 to 

800 nm wavelength range. Thermogravimetric analysis (TGA: NETZSCH STA 449) is used to investigate the thermal 

characteristics of nanoparticles. This method quantifies the alteration in the mass of the nanoparticles concerning 

temperature. This analysis reveals the nanoparticles' thermal stability, composition and decomposition 

temperatures. The data acquired by TGA can be utilized to comprehend and enhance the thermal characteristics 

of the nanoparticles for diverse applications. For kinetic analysis of pure and Cu2O-doped CaCO3, non-isothermal 

calcination of samples was carried out from 20°C to 950°C at various heating rates i.e., 2.5, 5, 10,15, and 30 K/min. 

Similarly, isothermal calcination of pure and Cu2O-doped CaCO3 samples was performed at 650, 675, 700, 725, 

and 750°C to determine the lower limit of calcination temperature. 

2.1. Kinetic Analysis of the Calcination Process 

The following equation represents the reaction rate of solid-gas reaction pairs for non-isothermal conditions. 

The ICTAC committee [52] endorses this equation, which helps determine the reaction rate via Arrhenius 

parameters for any heating rate and temperature. The equation is given as below: 

𝑑𝑋

𝑑𝑇
= (

𝐴

𝛽
) 𝑒𝑥𝑝 (−

𝐸

𝑅𝑇
) 𝑓(𝑋) (2) 
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where 𝑋, 𝑇, 𝐴, 𝛽, 𝐸, and 𝑅 represent conversion, temperature, pre-exponential factor, heating rate, activation 

energy, and ideal gas constant, respectively. Similarly, 
𝑑𝑋

𝑑𝑇
 is change in conversion with the change in temperature 

and 𝑓(𝑋) is a function dependent on conversion. 𝑋 is determined from thermogravimetric data obtained from TGA 

using the following equation: 

𝑋 = (1 −
𝑤𝑡

𝑤0

) ×
𝑀𝐶𝑎𝐶𝑂3

𝑀𝐶𝑂2

 (3) 

where 𝑤 and 𝑀 are the weight of the sample and molecular mass of the material, respectively. The subscripts 𝑡, 0, 

𝐶𝑎𝐶𝑂3 and 𝐶𝑂2 depict the time of weight measurement, the time before starting the experiment (initial value), 

solid calcium carbonate material and carbon dioxide gas, respectively. 

2.2. Model Recognition 

CRF [45] and ABS [46] methods are based on integral (𝑔(𝑋)) and differential (𝑓(𝑋)) functions of the conversion 

(𝑋), respectively. Both are used to determine the kinetics of the thermal decomposition (calcination) reaction of 

the pure and Cu2O-doped CaCO3. Non-isothermal TGA data is used for this purpose. The equations for CRF and 

ABS methods are given below: 

CRF method 

𝑙𝑛 [
𝑔(𝑋)

𝑇2
] = 𝑙𝑛 (

𝐴𝑅

𝛽𝐸
) −

𝐸

𝑅𝑇
 (4) 

ABS method 

𝑙𝑛 [
𝑑(𝑋)

𝑓(𝑋)𝑑𝑇
] = 𝑙𝑛 (

𝐴

𝛽
) −

𝐸

𝑅𝑇
 (5) 

Kinetic parameters, such as activation energy 𝐸 and pre-exponential factor 𝐴, are determined using CRF and 

ABS equations. In these equations, 𝛽 and 𝑇 are the experimental conditions and 𝑋 is the result obtained from the 

TGA data. 𝑅 is the ideal gas constant, and its value is constant. Therefore, only two parameters 𝐸 and 𝐴 are the 

unknowns, and there are two equations to determine them. In this regard, Vyazovkin et al. [52] provided a list of 

kinetic models along with their corresponding differential (𝑓(𝑋)) and integral (𝑔(𝑋)) forms, as given in Table 1. CRF 

and ABS equations are solved using the listed models (Table 1) and a suitable model is selected based on the 

regression coefficient (R2). The logarithmic term in both equations is plotted against 
1

𝑇
 and the equations are 

solved like a regression equation (𝑦 = 𝑎 + 𝑏𝑥). According to the regression equation form, 𝑙𝑛 (
𝐴

𝛽
) is the y-intercept 

and −
𝐸

𝑅
 is the slope of the plot. Therefore, 𝐸 and 𝐴 are calculated accordingly and used in the kinetic equation for 

the calcination reaction of pure and Cu2O-doped CaCO3. For kinetic analysis, the non-isothermal 

thermogravimetric data were obtained at various heating rates, i.e., 2.5, 5, 10, 15, and 30 °C/min. 

Table 1: Decomposition kinetic models used to determine the calcination kinetics of pure and Cu2O-doped CaCO3. 

Decomposition Model g(X) f(X) Model Code 

Mample (1st order) − ln(1 − 𝑋) (1 − 𝑋) F1 

Contracting cylinder 1 − (1 − 𝑋)1/2 2(1 − 𝑋)1/2 R2 

Contracting sphere 1 − (1 − 𝑋)1/3 3(1 − 𝑋)2/3 R3 

Avarami-Erofeev [− ln(1 − 𝑋)]1 2⁄  2[− ln(1 − 𝑋)]1 2⁄ (1 − 𝑋) A2 

Avarami-Erofeev [− ln(1 − 𝑋)]1 3⁄  3[− ln(1 − 𝑋)]2 3⁄ (1 − 𝑋) A3 

One-dimensional diffusion 𝑋2 
1

2
𝑋−1 D1 

Two-dimensional diffusion (1 − 𝑋) ln(1 − 𝑋) + 𝑋 [−ln (1 − 𝑋)]−1 D2 

Three-dimensional diffusion [1 − (1 − 𝑋)1/3]2 
3

2
[1 − (1 − 𝑋)1 3⁄ ]

−1
(1 − 𝑋)2/3 D3 
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3. Results and Discussion 

3.1. Physical Characterizations (XRD, UV and FTIR) 

XRD investigation offers detailed information about the crystalline structure and phase composition of the 

produced nanoparticles, as shown in Fig. (1). XRD pattern for Cu2O has distinct peaks at 2θ values of 29.72°, 36.76°, 

42.6°, 43.6°, 61.48°, and 73.62°. The observed peaks agree with the distinctive crystal planes of Cu2O, which are 

consistent with the established diffraction data for Cu2O as documented in Joint Committee on Powder Diffraction 

Standards (JCPDS) card number 05-0667. The detected peaks provide evidence of the existence of Cu2O and its 

crystalline arrangement in the sample. XRD pattern of CaCO3 has peaks at 2θ values of 23.22°, 29.6°, 36.16°, 39.6°, 

43.34°, 47.66°, 48.68°, and 57.56°. The peaks observed in the data correspond to the conventional diffraction 

pattern of CaCO3, as indicated by the JCPDS card with the reference number 05-0586. The observed pattern 

confirms the presence of CaCO3 in the sample and verifies that it retains its anticipated crystalline form. The XRD 

pattern of the Cu2O-doped CaCO3 composite displays the distinctive peaks associated with both Cu2O and CaCO3, 

providing evidence of the successful formation of the composite material. These peaks indicate that the 

composite maintains the crystalline structures of its constituent components. Crucially, no extra peaks are 

detected in the composite, indicating that the synthesis method did not introduce any new stages or unforeseen 

chemical processes. The finding suggests that the composite is a thoroughly blended combination of Cu2O and 

CaCO3, with no notable alterations in its composition [53-55]. 

 

Figure 1: XRD data of pure and Cu2O-doped CaCO3 samples. 

UV-Vis spectroscopy investigation yields significant insights into the produced materials' optical characteristics 

and band gaps, essential for comprehending their future uses. The UV-visible absorbance spectra (Fig. 2) and 

Tauc's plots of (ɑhʋ)2 vs photon energy for the band gap energy of nanoparticles are shown in (Fig. 2). The UV-Vis 

study of Cu2O indicates a band gap of 1.95 eV. The tiny difference in energy levels between the valence band and 

the conduction band suggests that this material has the potential to be used as a semiconductor with excellent 

capabilities for absorbing visible light. The absorption spectra of Cu2O exhibit substantial absorption in the visible 

region, in line with its band gap, enabling its utilization in diverse optoelectronic applications. The UV-Vis study of 

CaCO3 reveals a band gap of 5.30 eV. The high band gap of this material indicates that it has a broad bandgap, 

which restricts its ability to absorb light to the UV range. The high band gap of CaCO3 is characteristic of insulating 

materials and indicates its restricted use in processes driven by visible light. Copper(I) oxide encapsulated within a 

calcium carbonate composite: The Cu2O and CaCO3 composite (CCu4) material exhibits a bandgap of 5.01 eV. The 

bandgap of this material is lower than that of pure CaCO3 but higher than that of Cu2O. Compared to CaCO3 alone, 

the decrease in bandgap can be ascribed to Cu2O, which brings energy levels within the bandgap that enable 

absorption in the visible range. Nevertheless, the composite maintains a significant bandgap, suggesting that 

although certain optical features of Cu2O affect the composite, the material as a whole still has characteristics 

more akin to an insulator rather than a semiconductor with a low bandgap. The bandgap study examines the 

distinct optical characteristics of Cu2O, CaCO3 and their composite, offering valuable insights into their prospective 

applications in fields including photocatalysis, sensing and optoelectronics [56-58]. 
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Figure 2: (a) UV-visible absorbance spectra, and (b-d) Tauc’s plots of (ɑhʋ)2 versus photon energy for bandgap energy of 

samples. 

FTIR analysis offers valuable information about the produced materials' functional groups and bonding 

properties. The FTIR spectrum of Cu2O exhibits a distinct transmittance peak around 600 cm−1, which signifies the 

specific Cu-O bond stretching vibrations that are associated with copper(I) oxide (Fig. 3) [59]. The FTIR spectrum of 

the Cu2O and CaCO3 composite (CCu3-4) exhibits numerous notable peaks, including intense transmittance peaks 

at 649 cm−1, 872 cm−1, and 1391 cm−1. The peak observed at 649 cm−1 is ascribed to the vibrations of the Ca-O 

bond, whilst the peaks at 872 cm−1 and 1391 cm−1 are associated with the vibrations of the carbonate group 

(CO3
2−) in CaCO3 (Fig. 3) [60]. These data validate the existence of both Cu2O and CaCO3 in the composite and offer 

insights into the bonding environments of the individual materials. 

 

Figure 3: FTIR data of Cu2O and its composites with CaCO3. 
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3.2. Effect of Cu2O Loadings on the Calcination of CaCO3 

The calcination of CaCO3 was performed to study the impact of the Cu2O dopant on it and its loading amount 

varied from 0.5% to 5%. All the samples were calcined non-isothermally from 20°C to 950°C at 10 K/min. The mass 

percentage of different samples doped with Cu2O is shown in Fig. (4). The calcination reaction rate differs for 

various amounts of loading in the sample. In this case, the sample loaded with 1% Cu2O depicts the highest 

reaction rate and hence is considered for kinetic analysis performed in the current study. The extent of the 

calcination reaction yielded by Cu2O doped samples i.e., 0.5, 1, 2, and 5%, is 57.36, 59.26, 59.11, and 58.37, 

respectively. Cu2O directly affects the heat transport phenomenon within the CaCO3 because of which the 

calcination temperature by the material is achieved quickly and hence, the reaction rate improves. 

 

Figure 4: Effect of Cu2O dopant applied on CaCO3 in various loadings. 

3.3. Suitable Model and Relevant Equations 

Regression analysis was performed for all the models tabulated in Table 1. Consequently, a model yielding the 

maximum R2 value for the CRF and ABS equations is considered the most suitable model to represent the kinetic 

equation of the calcination reaction. The three models with R2 values higher than 0.97 for the pure CaCO3 are 

shortlisted and provided in Table 2. The D1 model is considered the best-suited model because its R2 values for 

CRF and ABS equations are the highest. Therefore, the values of 𝐸 and 𝐴 yielded by the D1 model are 234.8 kJ/mol 

and 2.15×1014 s-1, respectively. Furthermore, all the kinetic parameters determined against each heating rate for 

CRF and ABS equations are provided in detail in Table 3. The data for the kinetics of the pure CaCO3 is taken from 

our previous publication [36]. The kinetic equation for the calcination of pure CaCO3 is given as follows: 

𝑑𝑋

𝑑𝑡
= (2.15 × 1014) × 𝑒𝑥𝑝 (−

234798.7

𝑅𝑇
) ×

1

2
𝑋−1 (6) 

Similarly, the three best-suited models for the Cu2O-doped CaCO3 are scrutinized and are listed in Table 2. D3 

has the highest values of R2 for CRF and ABS equations, i.e., 0.93 and 0.99, respectively. Therefore, its kinetic 

parameters (𝐸 and 𝐴) are calculated for the D3 model and their values are 644.3 kJ/mol and 1.94×1043 s-1, 

respectively. Furthermore, all the kinetic parameters determined against each heating rate for CRF and ABS 

equations are provided in detail in Table 3. The kinetic equation for the calcination of Cu2O-doped CaCO3 is given 

as follows: 

𝑑𝑋

𝑑𝑡
= (1.94 × 1043) × 𝑒𝑥𝑝 (−

644339.1

𝑅𝑇
) ×

3

2
[1 − (1 − 𝑋)1 3⁄ ]

−1
(1 − 𝑋)2/3 (7) 
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Table 2: Top three models shortlisted based on R2 values for pure and Cu2O-doped CaCO3. 

Sample Mean of R2 (ABS Method) Mean of R2 (CRF Method) Model 

CaCO3 

0.99 0.99 D1 

0.99 0.98 R3 

0.98 0.99 D2 

Cu2O-doped CaCO3 

0.99 0.93 D3 

0.95 0.95 F1 

0.97 0.93 R3 

 

Table 3: Kinetic parameters for the D1 and D3 models for pure and Cu2O-doped CaCO3. 

Sample β 
CRF Method ABS Method 

Model 
E lnA R2 E lnA R2 

CaCO3 

5 292.53 33.17 0.996 225.68 24.98 0.989 

D1 
10 311.18 34.58 0.992 228.60 24.65 0.989 

15 173.05 18.22 0.989 177.75 19.20 0.976 

mean 258.92 28.66 0.992 210.68 22.94 0.985 

Cu2O-doped 

CaCO3 

2.5 765.12 86.7 0.91 462.06 62.3 0.97 

D3 

5 662.02 73.1 0.99 658.19 85.3 0.99 

10 497.98 52.07 0.98 586.78 75.04 0.99 

15 940.41 101.9 0.83 541.56 68.7 0.99 

30 763.85 81.7 0.95 565.42 72.01 0.99 

mean 725.87 79.1 0.93 562.80 72.7 0.99 

 

Their calcination reaction at various temperatures is carried out to understand the performance of pure and 

Cu2O-doped CaCO3. This also helps find the lowest temperature at which the calcination reaction rate is better and 

the system stores energy efficiently. Fig. (5) shows the calcination curves for calcination temperatures such as 650, 

675, 700, 725, and 750°C. It is evident from the results that both the pure and Cu2O-doped CaCO3 samples 

decompose slowly from 650°C to 725°C. Therefore, the energy charging process is slow and less efficient at these 

temperatures. At 750°C, both the samples depict a relatively high reaction rate. Hence, the energy charging 

process is fast and efficient at this temperature. It can be stated that the system must be operated at or above 

750°C to achieve better charging efficiency. 

 

Figure 5: Performance analysis of pure and Cu2O-doped CaCO3 samples at various calcination temperatures. 
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4. Conclusion 

The current study investigates the energy storage efficiency of pure and Cu2O-doped CaCO3 samples. Non-

isothermal calcination of pure and Cu2O-doped samples is performed to analyze the reaction kinetics. Isothermal 

calcination is carried out to determine the lower limit of calcination temperature at which CaCO3 stores thermal 

energy efficiently. Furthermore, UV and XRD analyses characterize samples' light absorption and crystal structure, 

while FTIR analysis provides information about the functional groups of the material. The main conclusions are 

given below: 

• XRD pattern of the Cu2O-doped CaCO3 composite displays the distinctive peaks associated with both Cu2O 

and CaCO3, providing evidence for the successful formation of the composite material. These peaks indicate 

that the composite maintains the crystalline structures of its constituent components. Crucially, no extra 

peaks are detected in the composite, indicating that the synthesis method did not introduce any new stages 

or unforeseen chemical processes. 

• The UV-Vis study of CaCO3 reveals a band gap of 5.30 eV. The high band gap of this material indicates that it 

has a broad bandgap, which restricts its ability to absorb light to the UV range. The high band gap of CaCO3 

is characteristic of insulating materials and indicates its restricted use in processes driven by visible light. 

• The Cu2O and CaCO3 composite (CCu4) material exhibits a bandgap of 5.01 eV. The bandgap of this material 

is lower than that of pure CaCO3 but higher than that of Cu2O. Compared to CaCO3 alone, the decrease in 

bandgap can be ascribed to the existence of Cu2O, which brings energy levels within the bandgap that 

enable absorption in the visible range. 

• The kinetic analysis reveals that pure CaCO3 follows the D1 model, while Cu2O-doped CaCO3 decomposes 

according to the D3 model. The activation energy values of pure and Cu2O-doped CaCO3 are 234.8 and 644.3 

kJ/mol. 

• The lower limit of calcination temperature for both pure and Cu2O-doped CaCO3 is 750°C. At this 

temperature, both samples store thermal energy efficiently. 
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Nomenclature and Abbreviations 

ABS = Achar-Brindly-Sharp 

AlOOH = Aluminium hydroxide oxide 

CaL = Calcium looping 
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CaCO3 = Calcium carbonate 

CaO = Calcium oxide 

CO2 = Carbon dioxide 

Cu2O = Copper(I) oxide or cuprous oxide 

Ca3Al2O6 = Tricalcium aluminate 

CeO2 = Cerium(IV) oxide 

CRF = Coats-Redfern 

CSP = Concentrated solar power 

D1 = One-dimensional diffusion model 

D3 = Three-dimensional diffusion model 

FTIR = Fourier Transform Infrared Spectroscopy 

GW = Gigawatt 

ICTAC = International Confederation for Thermal Analysis and Calorimetry 

JCPDS = Joint Committee on Powder Diffraction Standards 

Li2SO4 = Lithium sulfate 

MgO = Magnesium oxide 

SiO2 = Silicon dioxide or silica 

TCES = Thermochemical energy storage 

TES = Thermal energy storage 

TGA = Thermogravimetric analysis 

TiO2 = Titanium dioxide 

UV = Ultraviolet 

XRD = X-ray diffraction 

ZnO = Zinc oxide 
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