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Figure 4.47 N2-adsorption/desorption isotherm and pore size 

distribution curve (inset) of 0.9 M CTAB-assisted 

Ca(OH)2 synthesized by precipitation method (CH-9). 
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Figure 4.48 TGA curves of Ca(OH)2 samples synthesized by 

precipitation method with different CTAB concentrations 

(a) 0.2 M, (b) 0.4 M, (c) 0.6 M, (d) 0.8 M and (e) 0.9 M. 
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Figure 4.49 DTA curves of Ca(OH)2 samples synthesized by 

precipitation method with different CTAB concentrations 

(a) 0.2 M, (b) 0.4 M, (c) 0.6 M, (d) 0.8 M and (e) 0.9 M. 
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Figure 4.50 A schematic diagram of the morphology evaluation of 

CTAB-assisted Ca(OH)2 samples. 
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Figure 4.51 XRD pattern of Ca(OH)2 sample synthesized by 

precipitation method without CTAB. 
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Figure 4.52 FESEM image of Ca(OH)2 synthesized by precipitation 

method without CTAB. 
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Figure 4.53 TGA profile of 10 consecutive carbonation/calcination 

cycles of  CaO-CH-9 adsorbent (Conditions: carbonation 

for 30 min under 100 % CO2 gas and calcination for 6  

min under 100 % N2 gas at 800 C). 
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Figure 4.54 Cyclic CO2 adsorption capacities of CaO adsorbents 

derived from Ca(OH)2 samples (a) CaO-CH-0, (b) CaO-

CH-2, (c) CaO-CH-4, (d) CaO-CH-6, (e) CaO-CH-8 and 

(f) CaO-CH-9 (Condition: carbonation for 30 min and 

calcination for 6 min at 800 C).   
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Figure 4.55 (a) Lower and (b) higher magnification FESEM images 

of CaO-CH-0 adsorbent after 10 carbonation/calcintion 

cycles. 
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Figure 4.56 (a) Lower and (b) higher magnification FESEM images 

of CaO-CH-9 adsorbent after 10 carbonation/calcintion 

cycles. 
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Figure 4.57 Decay ratios of CaO adsorbents derived from aragonite, 

calcite and calcium hydroxide samples (a) CaO-C-12 h, 

(b) CaO-C-2 M and (c) CaO-CH-9. 
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Figure 4.58 XRD patterns of Mg, Zr and Ce-incorporated Ca(OH)2 

samples synthesized by precipitation method: (a) CH-

Mg, (b) CH-Zr and (c) CH-Ce. 
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Figure 4.59 FTIR spectra of Mg, Zr and Ce-incorporated Ca(OH)2 

samples synthesized by precipitation method (a) CH-Mg, 

(b) CH-Zr and (c) CH-Ce. 
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Figure 4.60 FESEM images of Mg, Zr and Ce-incorporated Ca(OH)2 

samples synthesized by precipitation method (a) CH-Mg, 

(b) CH-Zr and (c) CH-Ce. 
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Figure 4.61 EDX spectra of Mg, Zr and Ce-incorporated Ca(OH)2 

samples synthesized by precipitation method (a) CH-Mg, 

(b) CH-Zr and (c) CH-Ce. 
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Figure 4.62 N2-adsorption/desorption isotherm and pore size 

distribution curve (inset) of Mg-incorporated Ca(OH)2 

(CH-Mg) synthesized by precipitation method. 
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Figure 4.63 N2-adsorption/desorption isotherm and pore size 

distribution curve (inset) of Zr-incorporated Ca(OH)2 

(CH-Zr) synthesized by precipitation method. 
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Figure 4.64 N2-adsorption/desorption isotherm and pore size 

distribution curve (inset) of Ce-incorporated Ca(OH)2 

(CH-Ce) synthesized by precipitation method. 
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Figure 4.65 Carbonation kinetics of CaO-based adsorbents derived 

from Mg, Zr and Ce-incorporated Ca(OH)2 samples (a) 

CaO-CH-Mg, (b) CaO-CH-Zr and (c) CaO-CH-Ce. 
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Figure 4.66 CO2 adsorption capacities of CaO-based adsorbents 

derived from pure Ca(OH)2, Mg, Zr and Ce-incorporated 

Ca(OH)2 samples (a) CaO-CH-9, (b) CaO-CH-Mg, (c) 

CaO-CH-Zr and (d) CaO-CH-Ce.  
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Figure 4.67 (a) Lower and (b) higher magnification FESEM images 

of CaO-CH-Mg after 10 cycles.  
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Figure 4.68 (a) Lower and (b) higher magnification FESEM images 

of CaO-CH-Zr after 10 cycles.  
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Figure 4.69 (a) Lower and (b) higher magnification FESEM images 

of CaO-CH-Ce after 10 cycles.  
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Figure 4.70 XRD patterns of (a) CaO-CH-Mg, (b) CaO-CH-Zr and 

(c) CaO-CH-Ce calcined in the tube furnace at  800 C 

for 2 h under N2 gas flow.  
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Figure 4.71 XRD patterns of (Zr-Ce)-incorporated Ca(OH)2 samples 

synthesized by precipitation method with different (Zr-

Ce) sources (a) CH-Zr/Ce-O, (b) CH-Zr/Ce-N and (c) 

CH-Zr/Ce-A. 
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Figure 4.72 FESEM images of (Zr-Ce)-incorporated Ca(OH)2 

samples synthesized by precipitation method with 

different (Zr-Ce) sources (a) CH-Zr/Ce-O, (b) CH-Zr/Ce-

N and (c) CH-Zr/Ce-A. 
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Figure 4.73 EDX spectrum of CH-Zr/Ce-O synthesized by 

precipitation method with (Zr-Ce) oxides. 
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Figure 4.74 EDX spectrum of CH-Zr/Ce-N sample synthesized by 

precipitation method with (Zr-Ce) nitrates. 
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Figure 4.75 EDX spectrum of CH-Zr/Ce-A sample synthesized by 

precipitation method with (Zr-Ce) acetates. 
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Figure 4.76 N2-adsorption/desorption isotherm and pore size 

distribution curve (inset) of CH-Zr/Ce-O sample 

prepared with (Zr-Ce) oxide. 
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Figure 4.77 N2-adsorption/desorption isotherm and pore size 

distribution curve (inset) of CH-Zr/Ce-N sample 

prepared with (Zr-Ce) nitrates. 
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Figure 4.78 N2-adsorption/desorption isotherm and pore size 

distribution curve (inset) of CH-Zr/Ce-A sample 

prepared with (Zr-Ce) acetates. 
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Figure 4.79 Cyclic CO2 adsorption capacities of CaO-based 

adsorbents derived from pure Ca(OH)2 and (Zr-Ce)-

incorporated Ca(OH)2 samples (a) CaO-CH-9, (b) CaO-

CH-Zr/Ce-O, (b) CaO-CH-Zr/Ce-N and (c) CaO-CH-

Zr/Ce-A. 
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Figure 4.80 (a) Lower and (b) higher magnification FESEM images 

of CaO-CH-Zr/Ce-O adsorbent after 10 cycles.  
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Figure 4.81 (a) Lower and (b) higher magnification FESEM images 

of CaO-CH-Zr/Ce-N adsorbent after 10 cycles. 
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Figure 4.82 (a) Lower and (b) higher magnification FESEM images 

of CaO-CH-Zr/Ce-A adsorbent after 10 cycles.  
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Figure 4.83 XRD pattern of CaO-CH-Zr/Ce-O adsorbent calcined in 

the tube furnace at 800 C for 2 h under N2 gas flow. 
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Figure 4.84 XRD pattern of CaO-CH-Zr/Ce-A adsorbent calcined in 

the tube furnace at 800 C for 2 h under N2 gas flow. 

 
 

184 

Figure 4.85 XRD patterns of (Zr-Ce)-incorporated Ca(OH)2 samples 

with different contents of (Zr-Ce) acetates (a) CH:Zr/Ce-

100:50, (b) CH:Zr/Ce-100:75 and (c) CH:Zr/Ce-100:100. 

 
 

186 

Figure 4.86 FESEM images of (Zr-Ce)-incorporated Ca(OH)2 

samples with different contents of (Zr-Ce) acetates (a) 

CH:Zr/Ce-100:50, (b) CH:Zr/Ce-100:75 and (c) 

CH:Zr/Ce-100:100.  
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Figure 4.87 (a) EDX mapping images and (b) typical EDX spectrum 

of CH:Zr/Ce - 100:50 sample. 
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Figure 4.88 (a) EDX mapping images and (b) typical EDX spectrum 

of CH:Zr/Ce - 100:75 sample. 
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Figure 4.89 (a) EDX mapping images and (b) typical EDX spectrum 

of CH:Zr/Ce - 100:100 sample. 
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Figure 4.90 A Schematic diagram of microstructural changes of (Zr-

Ce)-incorporated Ca(OH)2 samples prepared with 

different contents of (Zr-Ce) acetates. 
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Figure 4.91 Carbonation kinetics of CaO-based adsorbents derived 

from (Zr-Ce)-incorporated Ca(OH)2 samples (a) CaO-

CH:Zr/Ce-100:50, (b) CaO-CH:Zr/Ce-100:75 and (c) 

CaO-CH:Zr/Ce-100:100. 
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Figure 4.92 Cyclic CO2 adsorption capacities of CaO-based 

adsorbents derived from pure Ca(OH)2 and (Zr-Ce)-

incorporated Ca(OH)2 samples (a) CaO-CH-9, (b) CaO-

CH-Zr/Ce-100:50, (c) CaO-CH-Zr/Ce-100:75 and (d) 

CaO-CH-Zr/Ce-100:100. 
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LIST OF ABBREVIATIONS 

 

BET Brunauer-Emmett-Teller 

BJH Barrett-Joyner-Halenda 

CTAB Cetyltrimethylammonium Bromide 

DEA Diethanolamine 

DSC Differential Scanning Calorimetry 

DTA Differential Thermal Analysis 

FESEM Field Emission Scanning Electron Microscopy 

FSP Flame Spray Pyrolysis 

FITR Fourier Transform Infrared Spectroscopy 

FWHM Full Width at Half Maximum 

HRTEM High Resolution Transmission Electron Microscopy 

MEA Monoethanolamine 

PA Pyroligneous Acid 

PAM Polyacrylamide 

PCC Precipitated Calcium Carbonate 

PPA Propionic Acid 

PSA Pressure Swing Adsorption 

SEM Scanning Electron Microscopy 

T Temperature 
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