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Solvent Chemistry
CESAR1 is an aqueous amine-based solvent for CO2 capture.

2-amino-2-methyl-1-propanol

(AMP)
Piperazine

(PZ)
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Solvent Chemistry
CESAR1 is an aqueous amine-based solvent for CO2 capture.

2-amino-2-methyl-1-propanol

(AMP)
Piperazine

(PZ)

CESAR1 is a blend of 3 M AMP and 1.5 M PZ

AMP = sterically hindered amine

PZ = cyclic bifunctional amine.



4

Why?

MEA vs CESAR1

Energy 

Performance

Solvent 

Stability

Performance 

at high 

capture rate

Flexibility
Emission 

Control
Precipitation
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History:

CESAR

(2008-2011)

OCTAVIUS

(2012-2016)

HiPerCap

(2014-2017)

Align-CCUS 
(2017-2020)

Scope 

(2021-2024)
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Nowadays and Scope of the work

One of the milestones: Filling the experimental gaps

Mission: Development and qualification of CESAR1 solvent 
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Methodology

AMP/H2O/CO2

PZ/H2O/CO2

AMP/PZ/H2O/CO2

Focus on CESAR1 

concentration

CESAR1
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Thermodynamics: VLE for subsystems

AMP PZ

Concentration: from 0.1 M to 5.4 M AMP

Temperature: 20 up to 120 °C

Concentration: from 0.2 M to 4.9 M

Temperature: 20 up to 190 °C

Some inconsistencies regarding 

AMP VLE data at CESAR1 

concentration have been found.

Kundu et al. 40 °C

Seo and Hong et al. 40 °C

Kundu et al. 50 °C 

● Mather and Teng 50 °C

▼ Dash et al. 50 °C

3.4 M AMP
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Thermodynamics: VLE for AMP/PZ 
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Thermodynamics: VLE for CESAR1

High-Pressure 

Stripping

● Hartono et al. 40 °C

● Hartono et al. 60 °C

● Hartono et al. 80 °C

■ Bruder et al. 40 °C

■ Bruder et al. 60 °C

■ Bruder et al. 80 °C

■ Bruder et al. 100 °C

■ Bruder et al. 120 °C

♦ Yang et al. 40 °C

♦ Yang et al. 60 °C

♦ Yang et al. 80 °C
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Thermodynamics: VLE Detected Gaps

1. Inconsistency for CO2-solubility data for aqueous AMP solutions 

at CESAR1 concentration.

2.  CO2 Solubility data at temperature higher than 120 °C. 

3.  Vapor Liquid equilibrium data for diluted CESAR1 solvent.
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Thermodynamics: SLE Detected Gaps

- AMP Solid-Liquid Solubility Data

- PZ Solid-Liquid Solubility Data

- AMP/PZ Solid-Liquid Solubility Data

Formation of slurries and solids downstream 

may create unforeseen process conditions:

• Decrease equipment Efficiency

• Clogging 

• Higher level of risk

PZ/H2O SLE plot



15

Kinetics: AMP subsystem
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Sodiq et al. T = 298.15 K

Ali et al. T = 298.15 K

Alper et al. T = 298.15 K

Xu et al. T = 298.15 K

Sodiq et al. T = 303.15 K

Ali et al. T = 303.15 K

Seo and Hong T = 303.15 K

Sodiq et al.  T = 313.15 K

Ali et al. T = 313.15 K

𝑟𝐶𝑂2 = 𝑟𝐶𝑂2−𝐴𝑀𝑃 + 𝑟𝐶𝑂2−𝑂𝐻−

𝑟𝐶𝑂2 = 𝑘2,𝐴𝑀𝑃 𝐴𝑀𝑃 𝐶𝑂2 + 𝑘𝑂𝐻− 𝑂𝐻− 𝐶𝑂2

𝑟𝐶𝑂2 = 𝑘2,𝐴𝑀𝑃 𝐴𝑀𝑃 + 𝑘𝑂𝐻− 𝑂𝐻
− 𝐶𝑂2

𝑘𝑜𝑏𝑠 = 𝑘2,𝐴𝑀𝑃 𝐴𝑀𝑃 + 𝑘𝑂𝐻− 𝑂𝐻−

First Order kinetics constant

Steric hindrance

Less basic due to -Methyl substitutionsKinetics Mechanism
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Kinetics: AMP subsystem
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Ali et al. T = 298.15 K

Alper et al. T = 298.15 K

Xu et al. T = 298.15 K

Sodiq et al. T = 303.15 K

Ali et al. T = 303.15 K

Seo and Hong T = 303.15 K

Sodiq et al.  T = 313.15 K

Ali et al. T = 313.15 K

𝑟𝐶𝑂2 = 𝑟𝐶𝑂2−𝐴𝑀𝑃 + 𝑟𝐶𝑂2−𝑂𝐻−

𝑟𝐶𝑂2 = 𝑘2,𝐴𝑀𝑃 𝐴𝑀𝑃 𝐶𝑂2 + 𝑘𝑂𝐻− 𝑂𝐻− 𝐶𝑂2

𝑟𝐶𝑂2 = 𝑘2,𝐴𝑀𝑃 𝐴𝑀𝑃 + 𝑘𝑂𝐻− 𝑂𝐻
− 𝐶𝑂2

𝑘𝑜𝑏𝑠 = 𝑘2,𝐴𝑀𝑃 𝐴𝑀𝑃 + 𝑘𝑂𝐻− 𝑂𝐻−

First Order kinetics constant

CO2 unloaded measurements!

𝑹𝟐) 𝑨𝑴𝑷 +𝑯𝟐𝑶+ 𝑪𝑶𝟐 ⇄ 𝑯𝑪𝑶𝟑
− + 𝑨𝑴𝑷𝑯+

Higher 

Loading
𝑹𝟏) 𝑨𝑴𝑷+ 𝑯𝟐𝑶+ 𝑪𝑶𝟐 ⇄ 𝑨𝑴𝑷𝑪𝑶𝑶− + 𝑯𝟑𝑶

+
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Kinetics: PZ subsystem
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Ullah et al. 298 K

Ume et al. 298 K

Derks et al. 298 K

Sun et al. 313 K

Derks et al. 313 K

𝑟𝐶𝑂2 = 𝑟𝐶𝑂2−𝑃𝑍 + 𝑟𝐶𝑂2−𝑂𝐻−

𝑟𝐶𝑂2 = 𝑘2,𝑃𝑍 𝑃𝑍 𝐶𝑂2 + 𝑘𝑂𝐻− 𝑂𝐻− 𝐶𝑂2

𝑟𝐶𝑂2 = 𝑘2,𝑃𝑍 𝑃𝑍 + 𝑘𝑂𝐻− 𝑂𝐻
− 𝐶𝑂2

𝑘𝑜𝑏𝑠 = 𝑘2,𝑃𝑍 𝑃𝑍 + 𝑘𝑂𝐻− 𝑂𝐻
−

First Order kinetics constant

Many data are available for CO2-absorption kinetics in aqueous PZ solutions starting 

from CO2-unloaded and CO2-loaded solutions
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Kinetics: AMP/PZ subsystem
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Khan et al. 298 K 3.12/0.24 M

Samanta et al. 298  K 3.14/0.23 M

Khan et al. 313 K 3.12/0.24 M

Samanta et al. 313 K 3.14/0.23 M

Khan et al. 298 K 2.47/0.93 M

Khan et al. 313 K 2.47/0.93 M

𝑟𝐶𝑂2 = 𝑟𝐶𝑂2−𝑃𝑍 + 𝑟𝐶𝑂2−𝑂𝐻− + 𝑟𝐶𝑂2−𝐴𝑀𝑃

𝑟𝐶𝑂2 = 𝑘2,𝑃𝑍 𝑃𝑍 𝐶𝑂2 + 𝑘𝑂𝐻− 𝑂𝐻− 𝐶𝑂2 + k2,AMP AMP [CO2]

𝑟𝐶𝑂2 = 𝑘2,𝑃𝑍 𝑃𝑍 + 𝑘𝑂𝐻− 𝑂𝐻
− + 𝑘2,𝐴𝑀𝑃 𝐴𝑀𝑃 𝐶𝑂2

𝑘𝑜𝑣 = 𝑘2,𝑃𝑍 𝑃𝑍 + 𝑘𝑂𝐻− 𝑂𝐻
− + 𝑘2,𝐴𝑀𝑃 𝐴𝑀𝑃

First Order kinetics constant

1. Data for blends available up to 1 M concentration of PZ.

2. Data available up to 40 °C.

3. Data available for CO2-unloaded system.
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Kinetics: Detected Gaps

1. Measurements for CO2-Loaded aqueous AMP solutions.

2. Measurements for CO2-Loaded and CO2-unloaded CESAR1 solutions are required

3. Extend temperature framework for blend kinetics measurements.
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Viscosity: Detected Gaps
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Fu et al. 20/10 AMP/PZ

Murshid et al. 20/10 AMP/PZ

Paul and Mandal 21/9 AMP/PZ

Murshid 28.26/1.74 AMP/PZ
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AMP/PZ/H2O Loaded solutions: ● 15/5 , ▲30/10 AMP/PZ wt%

Fu et al. 298.15 K

Fu et al. 303.15 K

Fu et al. 313.15 K

Fu et al. 323.15 K

Fu et al. 298.15 K

Fu et al. 303.15 K

Fu et al. 313.15 K

Fu et al. 323.15 K

Data at CESAR1 concentration at CO2-Loaded and CO2-unloaded conditions are 

necessary
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Amine Degradation 

Thermal

Oxidative
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Degradation of AMP and PZ 

53
47

AMP N-Balance

47
53

PZ N-Balance

Amine

Known Degradation compounds

Unknown Degradation compounds.

Moles of N

Fresh 

Solution
Degraded

Solution

■ Known ■ Unknown ■ Known ■ Unknown 



24

Main Gaps Qualitative Review
Legend

Available Gaps detected Not available

Property
AMP/H2O PZ/H2O AMP/PZ/H2O AMP/H2O/CO2 PZ/H2O/CO2

AMP/PZ/H2O/

CO2

Density

Viscosity

Diffusivity

Kinetics

VLE

Speciation

ΔHabs

𝓗

Degradation
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Diego Morlando- NTNU

Contact : diego.morlando@ntnu.no

QUESTIONS? 

Thank you!


