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Carbon capture Absorption-Regeneration process

Conventional solvents co,
Treated
Condenser
flue gas co fgieons
amine-based
Lean
cooler solvents
Rich
Absorption solvent Regeneration Monoethanolamine
column column (ag. MEA 30 wt.%)
Heat
L P =2 bar NH
P=~1.2bar solvzanr'l exchanger T=120 °C HO/\/ 2
T=50°C
Eregen =
{o 3.4-4GJ/tCO,
Reboiler
Major part of the

operative costs
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Demixing liquid-liquid amine-based solvents
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Carbon capture Absorption-Regeneration process
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Demixing liguid-liquid amine-based solvents

Demixing solvents review and selection methodology

Equilibrium and kinetic data acquisition

Micro-pilot scale solvents evaluation

Process modelling, simulation & LCA

Validation of the relevance of such demixing solvents
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Selection Experiment Modelling

Demixing liquid-liquid amine-based solvents

H
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Selection Experiment Modelling

Selection methodology of demixing solvents

< Step 1 - Techno-economic evaluation > < Step 2._ Health, safety.and >
environment analysis
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Selection

Experiment

Modelling

Selection methodology of demixing solvents

Final classification

1 TETA (30 wt.%) — PROP (50 wt.%)

2 TETA (15 wt.%) — DMCA (35 wt.%)

3 DEEA (64 wt.%) — MAPA (19 wt.%)

4 DEEA (50 wt.%) — MEA (25 wt.%)

5 DEEA (62 wt.%) — MAPA (9 wt.%)

6 DMBA (47 wt.%) — DEEA (27 wt.%)

7 TETA (31 wt.%) — 1DMA2P (22 wt.%)

8 DEEA (47 wt.%) - TETA (15 wt.%)

9 DEEA (47 wt.%) — TETA (15 wt.%) — PROP (17 wt.%)
| 10 MEA (30 wt.%) — PROP (40 wt.%) |

11 AEP (20 wt.%) — PROP (40 wt.%)

12 MEA (30 wt.%) — BUT (40 wt.%)

13 MAE (30 wt.%) — BUT (40 wt.%)
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Selection Experiment Modelling

An agueous-alcoholic MEA-based solution

: NH
 Monoethanolamine (30 wt.%) HO™ N\ 2 Open
* Propan-1-ol (40 wt.%) CHa access
OH solvent
* Water (30 wt.%)
Chemical reactions « Same as for aqueous MEA 30 wt.%
* No reaction products with propanol
& A 4 CO,+H,0 2 H,CO; h

CO,+2MEA 2 MEACOO™ + MEAH*
H,COs + H,0 2 HCO3 + H;0%

MEACOO™ + H,0 2 MEA+ HCO;
N\ /)

HCO; + H,0 =2 CO0% + H;0*
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Selection Experiment Modelling

An agueous-alcoholic MEA-based solution
MEA (30 wt.%) — PROP (40 wt.%)

Critical CO, concentration at 25 °C '
1.28 molCO,/L

Volume of the CO,-rich phase from 44 to 60%

(from 2.15 up to 3.22 molCO,/L)

Non-demixing Demixing zone

Non-demixing

1.2 Jone > Demixing zone © Non-demixing 20 zone —3 s
| A W CO,-lean phase > A

11 A i 15 A .

'E ' A - A CO;-rich phase 9 :
! 2@ . Hrich
> 09 © B | 0.31g/cm EE (. ° 2 !
2 =Y © v
o 0.8 = . =
a
0 1 2 3 . . i ;

. . >
Increasing mean CO, loading [molCO,/L] Increasing mean CO, loading [molCO,/L]
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Selection Experi

ment Modelling

Absorption performance on cable-bundle contactor

Gas out t—

C

Contactor

-

Liquid in
unloaded

Horizontal

® :
section

ISAAAAN

o —>
— —

Gasin —— Liquid out
Height 54 cm
Number of cables 6
Diameter of a cable 1.6 mm

University of Mons
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A=

_ Gco,,in — Geo,out _1 Yco,,out . 1—=Yco,in

Gco,,in Ycoyin 1= Yco,out

Continuous tests a single pass of liquid

5mol.% m15mol.%

50%
40%
30%
20%
10%

0%

Absorption rate

MEA (30 wt.%)
PROP (40 wt.%)

MEA (30 wt.%)
PROP (20 wt.%)

Liquid flow rate CO, gas fraction

11.4L/h 762 NL/h 5-15mol.%

MEA (30 wt.%)
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Selection Experiment Modelling

Absorption performance on cable-bundle contactor

_ Gco,in — Geo,out _1 Yco,,out . 1—=Yco,,in

Gas out <t — A=
Liquid Gco,in Yco,in 1= Yco,out
Semi-continuous tests
Recirculation For aqueous blend
of liquid until MEA (30 wt.%) - PROPAN-1-OL (40 wt.%)

Volume loss of
the liquid solvent

Contactor

Gasin j/‘

CO, saturation
is achieved

!

Height

o A Volatility of
propan-1-ol

Number of cables

6

Diameter of a cable

1.6 mm
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Selection Experiment Modelling

Absorption performance on cable-bundle contactor

Gas out <t— Liquid in
preloaded
S a
"5 .
S single
e
c pass of
o .
&) liquid
Gasin —— Liquid out
Height 54 cm
Number of cables 6
Diameter of a cable 1.6 mm

University of Mons

. GCOZ,in - GCOZ,out .

CO, fraction of inlet gas [mol.%]
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Yco,,out . 1—=vyco,,in

Continuous tests A= 1
Gco,in Yco,in 1 —Yco,out
MEA 30 wt.%

60%

50%
o ° ® 0 molCO,/L
© 40% s & O o o
p * o * o ¢ 0.41 molCO,/L
[ . A 0.85 molCO,/L
o 2
3 20% ¢ * o 1.25 molCO,/L
< CO, in lig.

10% 21N A 4 1.82 molCO,/L

0%
0% 10% 20% 30%
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Selection Experiment Modelling

Absorption performance on cable-bundle contactor

Continuous tests 4 = Gco,in — Geoyout 11— Yco,,out . 1—-vco,,n
GCOZ,in Yco,,in 1- Yco,,out
{ MEA 30 wt.% } { MEA 30 wt.% - PROP 40 wt.% }
60% 60%
50% 50% @ ® N w
® 0 molCO,/L ) * =
% 10% " ° ° ° ° 2 E 40% . a o o £ 0 mO|C02/L
c g * e e+ o ¢ 0.41 molCO,/L c ® 4 9 |T *066moICOL
S 30% A A A s 30% 2 S
a >o° A 0.85 molCO,/L o - Jz
- TS . = CO,inlig. /1 A 1.47 molCO,/L
2 20% ® * 4 o 2 20%
2 1.25 molCO,/L 2 N w 2.10 molCO,/L
10%  C©O.inliq. 7 + 1.82 molCO,/L 10% LI X £ 42.52molCO,/L
(a)
0% 0% o
0% 10% 20% 30% 0% 10% 20% 30%
CO, fraction of inlet gas [mol.%] CO, fraction of inlet gas [mol.%]
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Liquid-liquid equilibrium modelling
MEA (30 wt.%) — PROP (40 wt.%)

6
25 °C °
Modelling using 5 j 40 °C

two different
thermodynamic models
for liquid phases:

)
/K
A
L
— Electrolyte Non-Random / . /é
Two-Liquid (eNRTL) wangeta, 2019 L 1y L m = B

SN
A O O

CO, loading [mol/L]
w

CO, loading [mol/L]
w

2 2
1 1
00 05 1.0 15 20 25 30 35 00 05 1.0 1.5 20 25 3.0 35
_ Electrqutg Nqn-Random CO, loading [moUL] CO, loading [moUL]
Two-Liquid with the
Helgeson model (eNRTL-HG) Relative deviations between experiments and modelling
Tanger et al., 1988 EXperiment :
’ “ Non-demixing 25°C  40°C

. CO,-rich phase

H 0] 0]
[ | COz-lean phase Coz-nch eNRTL 27% 17%

phase eNRTL-HG 5% 9%
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Selection Experiment Modelling

Absorption-Regeneration process modelling

MEA (30 wt.%)
Absorptionrate 90% MAKEUP CO, purity 98 mol.%
{ MEAMU |
| TOCOOLER N @l—@ C020Q >
Flue gas from lime plant COOLER PURGMU GASOUTST »6 CONDSTRP
Flow 32 000 m®/h TREATQ
ABSORBER |
Temperature 50°C LEANTOMU |
" LEANINAB , TOSTRIP ~{ CONDTOST
c CO, 24% Absorption
S i
= column Regeneration
o e SE column
E 02 8% 1.2 bar
o
= HO 5% | RICHTOHE Regeneration ener
| RICHABS LEANOUTS 8 gy
Internal =3.32 GJ/tCO,
PUMPRICH heat exchanger
Thermodynamic models : )
timal L/G vol.: 6.8*103
Gaseous phase Redlich Kwong (RK) Optimal L/G vol.: 6.810
Liquid phase Electrlolyte Non-Random Two Liquid (eNRTL)
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Selection Experiment Modelling

Absorption-Regeneration process modelling
MEA (30 wt.%) — PROP (40 wt.%)

MAKEUP

Absorptionrate 90%

CO, purity 98 mol.%

COOLER
Absorption column 13.4% A- Reseneration
Phase separator colgu mn
Flue gas
A 2bar-127°C
Flow 32000 m%h 1.2 bar 0.2% 1
Cco, 24% o N .
CO, distribution PUMPLIGH g— Q FLSTR Regeneration energy =
86.4% v 2.68 GJ/tCO,
Thermodynamic models _ o

Gaseous phase Redlich Kwong (RK) Internal Optimal L/G vol.: 1.0*10

Liquid phases  eNRTL (Phase separator: eNRTL-HG) heat exchanger
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Conclusion

Agueous-alcoholic MEA-based solution

Same fast chemical reactions as for the MEA benchmark
Propan-1-ol used as a demixing inducer

Up to 97.9% of the CO, in the rich phase (60% of the total volume)
Challenge about the alcohol volatility (condenser / intercooling)

20%-reduction for regeneration energy >< aqueous MEA (30 wt.%) solvent

(despite higher liquid flow rate)

Perspectives

Micro pilot Absorption-Regeneration unit tests + simulations
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Micro pilot Absorption-Regeneration unit

e f

Condenser
11

- L

Phase

-
separator unit “' N T

= == -
=T e Illll--

|
|

Packed
column
(L=1m;

d=5cm)

-

—

Reboiler
(BkW)

External B
tank |

Multiple possibilities of use

e Two modes

v Absorption

Continuous tests
Semi-continuous tests

v Regeneration

* Regeneration under pressure

(up tu 3 barg)

Objec

* Use of demixing solvents
(with phasemseparator unit)

tives

* AspenPlus modelvalidation

v’ experimental vs modelling
on AspenPlus at this scale
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First promising results
with ag. MEA (30 wt.%)

Modelling

100%
80%
60%
40%
20%

0%

0% 20% 40% 60% 80% 100%
Experiment
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Conclusion

Agueous-alcoholic MEA-based solution

Same fast chemical reactions as for the MEA benchmark
Propan-1-ol used as a demixing inducer

Up to 97.9% of the CO, in the rich phase (60% of the total volume)
Challenge about the alcohol volatility (condenser / intercooling)

20%-reduction for regeneration energy >< aqueous MEA (30 wt.%) solvent

(despite higher liquid flow rate)

Perspectives

Micro pilot Absorption-Regeneration unit tests + simulations

Other agueous-alcoholic solvents
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