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Solvent Chemistry

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

CESAR1 is an aqueous amine-based solvent for CO, capture.
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2-amino-2-methyl-1-propanol Piperazine
(AMP) (P2)

AMP = sterically hindered amine

PZ = cyclic bifunctional amine.

CESARlisablend of 3SMAMPand 1.5 M PZ
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Why?

MEA vs CESAR1

Energy Solvent Performance Emission

Performance Stability cag:uhrg?ate Flexibility Control

Precipitation
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History:

‘ Scope

piign-ccus ~ (#0%20%
(2017-2020)

‘ HiPerCap

(2014-2017)

‘ OCTAVIUS
(2012-2016)

® CEsar
(2008-2011)
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Nowadays and Scope of the work

Mission: Development and qualification of CESAR1 solvent

One of the milestones: Filling the experimental gaps
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Methodology

Focus on CESARL1
AMP/H,0/CO, concentration
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QOutline
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Thermodynamics: VLE for subsystems

AMP

Concentration: from 0.1 M to 5.4 M AMP
Temperature: 20 up to 120 °C
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PZ

Concentration: from 0.2 Mto 4.9 M
Temperature: 20 up to 190 °C

Some inconsistencies regarding
AMP VLE data at CESAR1
concentration have been found.




Thermodynamics: VLE for AMP/PZ

system Experimental Range _?:;: Instrument Reference
[AMP/PZ] = 3.0/1.5, B forT Reaction
4.0,/0.5,0.5/4.0,1.5/3.0,2.25/2.25 :IC” . Calorimetry and Hartono, Ahmad, et al.
AMPfPZ/H,0/CO, T=40+120°C - 31;30 c Vapor recirculation {2021)
g, =0.035+1.05 o technigue
[wifape/wie:] = 25/5,20/10 % - :
AMP/PZ,/H,0/CO, T=40+120°C Poor Stai_c Analytical Tong et al. (2013)
Apparatus
Xog, = 0-+0.95
[/ Me;] = 2.3/5, 4/2 m r -
i Wetted Wall . Ain
AMP/PZ/H,0/CO, T=20+160"C Pon, Column Lietal (2013)
[whanfwis=z] = 38/2,35/5,32/8,45/5,42/8 %
AMP/PZ/H,OfCO, T = 30455 °C Pep. Equilibrium Cell Diash et al. (2012)
e, =0.22+1.03
[AMP/PZ] = 3.0/1.5 v R ecirenlati
AMP/PZ/H,0/CO, T=40:120°C Pzo, ap”,lfe EC’?“;E e Brider et al. (2011)
ttpp, = 0.04+0.83 chniq
[AMP/PZ] = 3.0/1.5 B . .
i a Wapor Eecirculation
AMP/PZ/H,0/CO, T=40:120°C Peo, P Technique Yang et al. (2010)

G, = 0.04=0.83




Thermodynamics: VLE for CESAR1
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Thermodynamics: VLE Detected Gaps

1. Inconsistency for CO,-solubility data for aqueous AMP solutions
at CESARL1 concentration.

2. CO, Solubility data at temperature higher than 120 °C.

3. Vapor Liquid equilibrium data for diluted CESAR1 solvent.




Thermodynamics: SLE Detected Gaps

AMP/H,O SLE plot

Formation of slurries and solids downstream o .
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10 .'
» Decrease equipment Efficiency S " P e .

— )
« Clogging i "\.
. . -20 F [ ° 0"."‘“. y

» Higher level of risk °e

-30 n

(]
? -40 : ' ‘ ' ‘ : ' ‘ : !
- AMP Solid-Liquid Solubility Data & © % %% Mass fraction of AMP
PZ/H,O SLE plot

- PZ SOIId-LIqUId SOlUblIlty Data V :Z it e
- AMP/PZ Solid-Liquid Solubility Data ? U Qe

50

o
e 8°"0
40

30

Transition temperature, °C

20

10

0 10 20 30 40 50 60 70 80 90 100

Concentration, wt %




Kinetics: AMP subsystem

AMP/H,0/CO, Overall Kinetics Constant [s]
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Kinetics Mechanism

® Sodig et al. T=298.15 K

AAlietal. T=298.15K

® Alper etal. T=298.15K

BXuetal T=298.15K

¢ Sodiq et al. T=303.15K

®Alietal. T=303.15K

A Seo and Hong T =303.15 K

#Sodigetal. T=313.15K

HAlietal. T=2313.15K

First Order kinetics constant

Tco, = Tco,—-amp t Tco,—oH"
Tco, = k2,amp[AMP][CO,] + koy- [OHT][CO,]

Tco, = (kz,amp[AMP] + koy-[0H])[CO,]

kops = ky amplAMP] + koy-[OH™]

Steric hindrance
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Kinetics: AMP subsystem

AMP/H,0/CO, Overall Kinetics Constant [s]
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CO, unloaded measurements!

® Sodig et al. T=298.15 K

AAlietal. T=298.15K

® Alper etal. T=298.15K

BXuetal T=298.15K

¢ Sodiq et al. T=303.15K

®Alietal. T=303.15K

A Seo and Hong T =303.15 K

#Sodigetal. T=313.15K

HAlietal. T=2313.15K

R,) AMP + H,0 + CO, 2 AMPCOO™ + H;0" l Higher
R,) AMP + H,0 + CO, 2 HCO3 + AMPH"

First Order kinetics constant

Tco, = Tco,—-amp t Tco,—oH"
Tco, = k2,amp[AMP][CO,] + koy- [OHT][CO,]
rco, = (ko,amp[AMP] + koy-[0H™])[CO,]

kops = ky amplAMP] + koy-[OH™]

Loading




Kinetics: PZ subsystem

PZ/H,0/CO, Overall Kinetics Constant [s'] First Order kinetics constant
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Many data are available for CO,-absorption kinetics in aqueous PZ solutions starting
from CO,-unloaded and CO,-loaded solutions
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«e--@--+ Khanetal. 298 K 3.12/0.24 M

A Samanta et al. 298 K 3.14/0.23 M

eee@ ¢ Khanetal 313 K 3.12/0.24 M

eeepeee Samantaetal. 313 K 3.14/0.23 M

— @ — Khanetal. 298 K 2.47/0.93 M

— @ - Khanetal. 313 K 2.47/0.93 M

Kinetics: AMP/PZ subsystem

AMP/PZ/H,O CO, flux [kmol/m? s]

First Order Kinetics constant

Tco, = Tco,-pz t Tco,—oH~ + Tco,—-AMP

Tco, = k2,pz[PZ][CO,] + koy- [OHT][CO] + ky amp[AMP][CO,]
rco, = (k2,pz[PZ] + kou-[OH] + ky amp[AMP])[CO,]

koy = ko pz[PZ] + kopy-[OH™] + ko app[AMP]

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

2. Data available up to 40 °C.

3. Data available for CO,-unloaded system.




Kinetics: Detected Gaps

1. Measurements for CO,-Loaded aqueous AMP solutions.

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

3. Extend temperature framework for blend kinetics measurements.




Viscosity: Detected Gaps

AMP/PZ/H,0 Unloaded solutions AMP/PZ/H,0 Loaded solutions: e 15/5, A 30/10 AMP/PZ wt%
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Data at CESAR1 concentration at CO,-Loaded and CO,-unloaded conditions are
necessary




Amine Degradation
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Degradation of AMP and PZ

Molesof N
B Amine
. . Known Degradation compounds
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Main Gaps Qualitative Review
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QUESTIONS?
Thank you!

Diego Morlando- NTNU
Contact : diego.morlando@ntnu.no
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