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Table 1S  Description of additive studies for CaCO3 based TCHS 

Additive Wt % 

additive 

Operating 

Temperature 

(°C) 

Formed 

Product 

Reference 

CaCO3 

Pure 

N/A 750-925 N/A 1 

Al2O3 2.5 850-900 Ca12Al14O33 2 

Al2O3 16.7 850-950 Ca5Al6O14  

Ca12Al14O3 

3 

Al2O3 34 850-950 Ca3Al2O6 4 

Al2O3 13.3 900 Ca5Al6O14 5 

Al2O3 5 725-850 Ca4Al6O13 6 

ZrO2 34 950 CaZrO3 3 

ZrO2 20 900 CaZrO3 5 

ZrO2 5 850-750 CaZrO3 7 

ZrO2 15 850-750 CaZrO3 7 

ZrO2 30 850-750 CaZrO3 7 

ZrO2 20 900 CaZrO3 8 

SiO2 5 700 -   9 

SiO2 20 900 

Ca5(SiO4)2C

O3 
8 

SiC 20 884 -  10 

Fe2O3 20 900 

Fe3O4, 

Ca2Fe2O5  
 8 

 



3 
 

 

 

Fig. S1 Effective conversion vs number of cycles for 5,10 and 20% additive (a) CFO-I (b) 

CFO-II (c) CFO-III 
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Fig. S2 Energy storage density of all samples for the 40th cycle 

 

Fig. S3 XRD patterns of Lim and 5CFO samples before (a) and after cycling (b) 

 

 

 

(a) 
(b) 
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Fig. S4  XRD patterns of Lim and 10FO before (a) and after cycling (b) 

Fig. S5 EDS mapping of 20CFO-I, 20CFO-II and 20CFO-III samples as prepared 

(a) (b) 
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Fig. S6 EDS mapping of 20CFO-I, 20CFO-II and 20CFO-III samples after cycling 
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Fig. S7 SEM images of Lim and 5CFO as prepared and after cycling samples; 5CFO-I, 

5CFO-II, and 5CFO-III; C_5CFO-I, C_5CFO-II, and C_5CFO-III 

 

Fig. S8 SEM images of Lim and 10CFO as prepared and after cycling samples; 10CFO-

I,10CFO-II, and 10CFO-III; C_10CFO-I, C_10CFO-II, and C_10CFO-III 
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Fig. S9 In situ XRD patterns of 20CFO samples a) 20CFO-I b) 20CFO-II and c) 20CFO-III 
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Fig. S10  SEM images of CFO-I, CFO-II and CFO-III showing lines on the particles, 

considered for calculation of average particle size   
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The standard enthalpy of reaction at a temperature T (in K) is calculated from the following 

equations: 

𝛥𝐻𝑅,𝑇
𝑜 = 𝛥𝐻𝑅,298.15

𝑜 + ∫ 𝛥𝑐𝑝(𝑇) ∙ 𝑑𝑇
𝑇

298.15
      (1) 

𝛥𝐻𝑅,298.15
𝑜 = ∑ 𝛥𝐻𝑓,298.15

𝑜
𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 − ∑ 𝛥𝐻𝑓,298.15

𝑜
𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠     (2) 

𝛥𝑐𝑝(𝑇) = ∑ 𝑐𝑝(𝑇) −𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 ∑ 𝑐𝑝(𝑇)𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠       (3) 

Standard enthalpy of formation at 298.15 K values, ΔHf,298.15
o , were taken from NIST data base 

for CO2 and CaO and for CaCO3 from (Wagman, D. D.; Evans, W. H.; Parker, V. B.; Schumm, 

R. H.; Halow, I.; Bailey, S. M.; Churney, K. L.; Nuttall, R. L. The NBS Tables of Chemical 

Thermodynamic Properties: Selected Values for Inorganic and C1 and C2 Organic Substances 

in Sl Units, J. Phys. Chem. Ref. Data, 1982, 11, Supplement 2) 

From Eq. 2       𝛥𝐻𝑅,298.15
𝑜 = −634.92 − 393.51 + 1206.92 = +178.5 𝑘𝐽/𝑚𝑜𝑙 

The equation used by your student, ΔH(850°C) = ΔH° + Cp(T2 - T1), is wrong because your 

student used only the 𝑐𝑝 of CaCO3 and not the 𝛥𝑐𝑝 as in Eq. 3. I also used temperature 

dependent cp values from NIST for CaO and for CaCO3 from (Gary K. Jacobs, Derrill M. 

Kerrick, and Kenneth M. Krupka, The High-Temperature Heat Capacity of Natural Calcite 

(CaCO3), Phys Chem Minerals (1981) 7:55 59).  

Actually, since 𝛥𝑐𝑝 is negative the enthalpy of reaction decreases with temperature as shown 

in the following Table.  

 

Standard enthalpy of reaction at different temperatures, for the reaction CaCO3 -> CaO + CO2 

t in oC 𝛥𝐻𝑅,𝑇
𝑜  (kJ/ mol) 

25 178.5 

100 178.1 

300 176.3 

400 174.9 

500 173.3 

650 170.3 

800 167.2 

850 166.1 

860 165.9 

869 165.7 

890 165.3 

920 164.6 
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