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Introduction 

• Why capture CO₂? 

 - Mitigate climate change 

 - Industrial emission control 

  - Circular Carbon Economy 

 

•  Traditional methods 

 - Multistep processes 

 - Require regeneration cycles- Energy consumption 

 



Overview of Carbon Capture and Utilisation (CCU) 
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(Pekdemir, Bialkowski, Tsianou, & Technology, 2012) 

 Options  
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CO2 to Chemicals 

• The separated CO2 could be converted into various value-added products via chemical, 
thermos-chemical, photo-chemical, bio-chemical and electro- chemical routes.  Thus, the 
separation of carbon dioxide (CO₂) from flue gas is a critical process for reducing 
greenhouse gas emissions and mitigating climate change 



New Approach to Carbon Capture 
  

• Single-step conversion into useful products 

• Single-step CO2 absorption and isolation, also known as Integrated Absorption and 
Mineralization (IAM), involves both capturing CO2 from the source  and converting it into a 
useful form, like calcium carbonate (CaCO3). This approach aims to reduce energy 
consumption and manage waste simultaneously 

• The single-step approach integrates CO2 absorption(MEA) and mineralization(Fly ash-
CaCO3), streamlining the entire process and reducing the overall footprint 

• Alkali-Na, K, Ca, Mg- to their carbonates 

• Tuticorin- TCA- CO2 to baking soda 

• Solvay process of making NaHCO3- Sea water in alkaline medium 

• RO reject of Desalination plant and Textile ETP 

• Mineral carbonation-using industrial alkaline wastes- Fly ash, red mud, slag 

 
 

 
 





What are Carbamates? 

•  Organic compounds formed by reaction of amines with CO₂ 

- General formula: R₂N–COO⁻ 

- Stable under mild conditions 

•  Applications 

- CO₂ capture and Utilization 

 - Pharmaceutical and agrochemical intermediates 

 -Paints and polyurethane foam 



Single-Step Absorption Concept 

•  Reactants: CO₂ + amine in a suitable solvent 

• Reaction: R₂NH + CO₂ → R₂NCOO⁻ + H⁺ 

•  No need for separate desorption/regeneration 

• Advantages: 

  - Simplifies equipment 

  - Reduces energy input 



Experimental Overview 

•  Amines used: Primary or secondary amines (e.g., ethylenediamine) 

•  Solvent: Aprotic solvents (e.g., DMSO, acetonitrile) 

•  Conditions: Ambient temperature and atmospheric pressure 

• -CO₂ Source(Separated from large scale emitters): Gaseous CO₂ 
bubbled directly into the solution 



Isolation of Carbamates 

•  Isolation methods 

 - Crystallization from solution 

 - Solvent removal under vacuum 

• Characterization tools 

- FTIR (carbonyl stretching) 

  - NMR (carbamate carbon signal) 

  - Mass spectrometry 



 

 
Selection of medium 

 
DES medium 

(lyophilic) 
•ChCl:U (1:2) 
•ChCl:Gly (1:2) 
•ChCl:EG (1:2) 
•ChCl:DEG (1:4) 
•ChCl:TEG (1:4) 

 
Oil medium 
(lyophobic) 

•Coconut oil 
•Gingelly oil 
•Groundnut oil 
•Palm oil 
•Sunflower oil 
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Findings of absorption study 
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Value Added Products 

TETA in Oil medium TETA in DES medium 

Actual mass of the product
Yield= ×100

Theoritical mass of the product

Filtered and 

isolated using 

hexane 

Recycling of medium 

•Filtrate+Acetone 

•Top layer (amine in 

acetone) 

•Lower layer (Oil/DES) 

•DES heated at  60 °C 

for 1h 
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Parameter Optimum for oil Optimum for DES 

AMP EDA DETA TETA AMP EDA DETA TETA 

Amine concentration 

(M) 

0.5-5 M 

 

3M 
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3M 

 

3M 

 

2M 
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Reaction duration 

(30-150 min) 

 

 

90 min 

 

90 min 

 

60 min 

 

30 min 

 

60 min 

 

90 min 

 

60 min 

 

30 min 

Temperature 

25-65 ᴼC 

 

 

35 ᴼC 

 

35 ᴼC 

 

35 ᴼC 

 

35 ᴼC 

 

35 ᴼC 

 

35 ᴼC 
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35 ᴼC 

Pressure for pure CO2 

76-760 cmHg 
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760 cmHg 

 

456  
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608 cmHg 

 

456 cmHg 

 

304  

cmHg 

Maximum  

Yield 

99 % CO2 

56 % 67 % 69 % 72% 82 % 84 % 87 % 90 % 
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Number of cycles 

Recovery of oil

Recovery and Recycling study in coconut oil medium 

        AMP                 94 %         3     

        EDA                95 %         3 

        DETA          95 %         3 

        TETA          95 %         3 

Amine carbamate     Recovery of oil

 Cycle 
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Recovery and Recycling study in ChCl:U (1:2) medium 

70

80

90

100

1 2 3 4 5

%
 

Number of cycles 
Recovery of DES

70

80

90

100

1 2 3 4 5

%
 

Number of cycles 
Recovery of DES

80

85

90

95

100

1 2 3 4 5

%
 

Number of cycles 
Recovery of DES

80

85

90

95

100

1 2 3 4 5

%
 

Number of cycles 
Recovery of DES

        AMP                 97 %         4     

        EDA                97 %         4 

        DETA          97 %         4 

        TETA          98 %         4 

Amine carbamate     Recovery of oil

 Cycle 
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1H NMR spectrum of carbamates 
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Absorption 

• Aqueous medium > non aqueous medium 

• DES medium>Vegetable oil medium 

• ChCl:U (1:2) > Coconut oil medium 

Recovery of value 
added products 

• Carbamates of AMP, EDA, DETA, TETA with 

good CO2 capture. 

• TETA  carbamate in oil medium 72 % 

• TETA  carbamate ain DES medium 90 % 

• Energy consumption and cost could be reduced 

SUMMARY 





 
Experimental set up for absorption measurement 

       EXPERIMENTAL CONDITION 
 

 

Volume of sample = 250 mL 

Pressure  = 101.4 kPa 

Temperature = 25±20C 

 
Alkanolamines MEA, DEA, TEA, AMP, 

  MAE 

DES   Choline chloride and  

   Urea 

          mole of CO2 

Loading capacity α = 

           mole of amine 



Reaction Mechanism 
MEA, DEA, TEA, AMP, MAE 

• Primary amine:   

2 RNH2 + CO2 ↔ RNHCO2
- (carbamate) + RNH3

+   (1) 

• Secondary amine:   

 2 R2NH + CO2 ↔ R2NCO2
-
 (carbamate) + R2NH2

+   (2) 

• Tertiary amine: 

   R3N + H2O + CO2 ↔ R3NH+ + HCO3
-    (3) 

 

 
DES 

preparation 

ChCl:U 



summary 

• DES medium is having higher absorption capacity for CO2 gas than aqueous 
medium 

 

• Among the alkanolamines and DES mixture 2-amino-2-methyl-1-propanol in 
ChCl:U (1:2) mixture is having higher absorption capacity for CO2 gas. 

 

• The mixture of AMP and DES could be effectively used as an absorbent for CO2 
gas. 







Benefits of the Single-Step Method 

•  Environmentally friendly 

•  Energy efficient 

•  Scalable for industrial use 

• Minimizes chemical waste 

• Direct storage as solid  carbamates 



Limitations & Challenges 

• Reversibility in some systems 

•  Stability varies with amine type 

• Handling of solid carbamates at large scale 



Applications and Future Prospects 

• - Carbon sequestration technologies 

• - Greenhouse gas mitigation strategies 

• - Integration into capture-use-storage (CCUS) systems 

• - Custom carbamate design for target applications 



Conclusion 

 

•   Single-step CO₂ absorption into carbamates is a promising, simple 
method 

•   Offers potential for cost-effective CO₂ capture 

• Future focus: Improve stability, explore new amine systems 



Conclusion 

• Various direct use of CO2 and conversion to value added chemicals 
possible, market- driven approach 

• Burning fossil fuels won't end soon  

• Harmful carbon emissions can end soon with the help of  CCU 

 


