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Introduction - Context

Absorption - Regeneration process using amine-based solvent 4 Drawback )
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Catalytic Regeneration

* Innovative strategy introduced by * Micro-pilot study from literature
Idem et al. (2011) Sriang et al. (2017)

/ Brgnsted acid site

Lewis acid site

0.18 m LDX Sulzer

0.025 m marbles

Solid acid catalyst

0.55 m Catalytic bed
0.96 m Catalysts + nert

LDX Sulzer

Desorptlon reactions: (with primary and secondary amines)

RN*Hy + H,0 = RNH, + H;0%

RNHCOO~ + H3;0* = RNH, + CO, + H,0 carbamate breakdown reaction

0.025 m marbles
— + N
RNHCOO™ + RN"H3 = 2RNH, + CO, Endothermic

0.18 m LDX Sulzer

Absorber Desorber
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Catalytic Regeneration

* Innovative strategy introduced by
Idem et al. (2011)

/ Brgnsted acid site

Lewis acid site

Solid acid catalyst

Desorptlon reactions: (with primary and secondary amines)

RN*Hs + H,0 = RNH, + Hs0*
RNHCOO~ + H3;0* = RNH, + CO, + H,0 carbamate breakdown reaction

— + N
RNHCOO™ + RN"H3 = 2RNH, + CO, Endothermic

e Micro-pilot study from literature

Heat duty (Gl/tonne CO,)
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Catalytic Regeneration

Innovative strategy introduced by
Idem et al. (2011)

/ Brgnsted acid site

Lewis acid site

Solid acid catalyst

Desorption reactions:

RN*Hy + H,0 = RNH, + H;0%

RNHCOO~ + H3;0* = RNH, + CO, + H,0 carbamate breakdown reaction

RNHCOO™ + RN*TH; = 2RNH, + CO,

(with primary and secondary amines)

Endothermic | Ve——]

e Catalystreduces Eact

7'— ko exp —_EaCt;j
S0 RT
Energy ‘ Transition state

Reactants

Without catalyst

With catalyst

Products
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Scope of the ATLANTIS project

0. Assess the potential energy gain from adding a catalyst

Simulations in Aspen Plus® V14 B

Effecton E__, in a process ?
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Scope of the ATLANTIS project

0. Assess the potential energy gain from adding a catalyst

1. Identify solvent/catalyst pairs

Catalyst = * Acidity

. = izati * Textural properties
Selection of characterization . prop

candidates from

literature data Lab-scale
experiments:

e Aqueous amine
solvents

Batch reactor for
regeneration
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Scope of the ATLANTIS project

0. Assess the potential energy gain from adding a catalyst

' ' Absorption Regeneration
1. Identify solvent/catalyst pairs column UMONS Micro-pilotunit  .,iumn

U
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Powder Pellets

Continuous process
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Scope of the ATLANTIS project

Micro-pilot unit flowsheet

Kinetic parameters
determination
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Scope of the ATLANTIS project

0. Assess the potential energy gain from adding a catalyst\

1. Identify solvent/catalyst pairs

2. Micro-pilot experiments

3. Simulations
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0. Catalyst reduces E__,— Energy gain ?

Solvent MEA 30 wt%

Preliminary simulations in Aspen Plus® V14 @

* Pilot plant with available data (Notz et al., 2012) Thermodynamic model  ENRTL-RK

* Regeneration energy representative of the industrial scale

FLASH1
| COND-
STRIPPER
L = 110-250 kg/hr _
LEAN-MEA Eregen =3.58 GJ/tCO,
MEA- @]
Yeos ™ 10% REBOILER
_ ABSORBER
G =80 kg/hr INTEXCH Absorbeur  Stripper
H (m) 4.20 255
D (m) 0.125
Packing BX 500
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0. Catalyst reduces E__,— Energy gain ?

Preliminary simulations in Aspen Plus® V14

Virtual integration of the catalyst into the process

Reactions set in the stripper:

Influence of E_;:

Performance:

Capture rate 95%

Kinetics: Fnerey 100% \> Eact
MEA + CO, + H,0 - MEACOO~ + H;0* 95%\
o X
MEAC00~ + H;0* > MEA+ CO, + H,0 ., Carbamate 85% Y/
breakdown .
CO0,+0H™ - HCO3 Eqct
HCO3 - CO, + OH~

L
Reactants

Products

Purity 99.6% 4
9 -
—100% Eact
8 1 ——95%Eact 3
O 35 -
<7 ] ——85%Eact e \:8%
0 3 -15%
O e
Z 56 <
S £
c 5 4 %
Q i
P g °
w 4 w
A
3 -
2 T T T T T T 1 2‘5 M
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 100% Eact 950 Eact 850 Eact
LG
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1. ldentify solvent/catalyst pairs

. . . Selection — Characterization - Lab scale experiments
Selection of candidates from literature data
23 candidates

METAL OXIDES

ZEOLITES MES;?LTEE;US NATURAL
CLAYS

* MoO, » Nb,O.

* V0 * Ag,0 = HZSM-5

* Cr,0, * NiO oLV N e e

* TiO, * Cul » H-Mordeni . st

= WO, * MnO, i E_I‘;‘;t;d = : i?‘lf_ﬁﬁ * Montmorillonite
= 5APO-34

* Zn0 * y-AlLO,

» Zr0,
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1. ldentify solvent/catalyst pairs

. . . Selection — Characterization - Lab scale experiments
Selection of candidates from literature data

23 candidates METAL OXIDES MESOPOROUS
ZEOLITES SILICAS NATURAL
CLAYS
* MoO; * Nb,O.
*V,0. * Ag,0 * HZSM-5
* Cr,0, * NiD * H-Y * MCM-41 * Attapuloit
* TiO, * Cuo - - K pUEHE S
* SAPO-34
= 7n0 * y-ALO,
* Zr0,
4 criteria
Performances based on Physicochemical L L
literature data ./il properties Economic criterion % Safety criterion @

Selected catalysts ‘

5 METAL OXIDES a®a®g 3 ZEOLITES @ @
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1. ldentify solvent/catalyst pairs

Selection — Characterization - Lab scale experiments

Selection of candidates from literature data

23 candidates METAL OXIDES MESOPOROUS
ZEOLITES SILICAS NATURAL
CLAYS
* MoO; * Nb,O.
= \,0, * Ag;0 * HZSM-5
- Cr,0, * NiO » H-Y * MCM-41 * Attapulgi
«TiO, » Cuo “H - . pulgite
. \.':103 * MnO, * E_I’;‘::;demte < i?:_ﬁm * Montmorillonite
* SAPO-34
*7Zn0 * y-ALO,
*« Zr0,
4 criteria
Performances based on Physicochemical S N
literature data ./il properties Economic criterion % Safety criterion @

. |
e
7
3
Sl

17th International Conference on Greenhouse Gas Control Technologies, GHGT-17

20th -24th October 2024 Calgary, Canada

Selection of catalysts for the regeneration step in an amine-based
absorption-regeneration CO; capture process

Célia Pasté, Lionel Dubois, Diane Thomas™

Chemical and Biochemical Process Engineering Unit, University of Mons (UMONS), Place du Parc 20, 7000 Mons
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1. ldentify solvent/catalyst pairs

. . . Selection — Characterization - Lab scale experiments
Selection of candidates from literature data

23 candidates METAL OXIDES MESOPOROUS
ZEOLITES SILICAS NATURAL
CLAYS
- MDD3 - szos
= \,0, * Ag;0 * HZSM-5
- Cr,0, * NiO » H-Y * MCM-41 * Attapulgit
+Ti0, » Cuo H: - ; paBgne
= V:foa * MnO, . ﬂ_gl[:;demte < i?:_ﬁlﬁ * Montmorillonite
* SAPO-34
*7Zn0 * y-ALO,
*« Zr0,
4 criteria
Performances based on Physicochemical S N
literature data ./il properties Economic criterion % Safety criterion @

Selected catalysts ‘
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1. ldentify solvent/catalyst pairs

. . Selection — Characterization - Lab scale experiments
Catalyst characterization

ALO HZSM5
Acidity: NH,-Temperature Programmed Desorption (TPD) _

. NH, Adsorption (150°C) Weak [mmol/g] 0 0
* NH; Desorption 150-800°C (10°C/min) Medium [mmol/g] 0.056 0.290
Strong [mmol/g] 0 1.292
Total [mmol/g] 0.056 1.582
Acidity Lewis and Brgnsted sites: Pyridine-IR N |
——-ALO; —— H-ZSM5 | _ 7
> N H |l|
. L+B L —M—O—Efﬂ—G—M—l.!J—M—E—M—
Lewis acid site Brensted acid site

Lewis sites [pmol/g] 99.3 170.3

VAN ,\_J’L Brensted sites [umol/g] | 0.0 522.5

Absorbance (u.a.)
P 8]

=
|

0 T T T T T T 1
1700 1650 1600 1550 1500 1450 1400 1350

A The catalyst will be in contact with the solvent

Wavenumber (cm-*) UMONS | Célia Pasté | Catalytic Regeneration | PCCC-8 11



1. ldentify solvent/catalyst pairs

. . Selection — Characterization - Lab scale experiments
Catalyst characterization

Textural properties

v-ALO, HZsMs

Surface area (BET) [m2/g] 131.19 £ 0.46 421.90 = 1.26
Smicroporous [M 78] 41.09 319.90
Pore volume (Halsey) [cm®/g] | 0.26 0.11

Tristar I1 3020 Micrometrics®
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1. ldentify solvent/catalyst pairs

Selection — Characterization - Lab scale experiments

Lab-scale experiments

Materials and methods Co,

1. Amine-based solvent preparation 2. CO, loading (absorption)

—— aq. MEA 30 wt%

— ag. CESAR1 (amp 27 wt% + Pz 13 wtw)

— Maximal CO, loading
e MEA: =0.60 mol CO,/ mol Amine
* CESAR1:=0.80 mol CO,/ mol Amine

3. CO, Desorption

Gas flow Cooling unit Pump CO, analyzer
R d dat. {Q\Cj
-T - ecovere ata
Rotameter 1 COp/N; out
e Data sent to the ‘I
heating system €0,/N, out :
1 . -
L_, Operating conditions:

' Acquisition

V solution 300 mL
===~ - - T s - - —————————- : .
Hy0 out 4+ ! | : N, flow rate 0.8 NL/min
—:— Condenser 1
1 .
o ! [ . Desorption temperature 80°C
1
Liquid sampler X : J !
I 1 H
. talyst concentration 25¢g/L
Filter : MFI 5& : Cata ysteonee atlo > g
1 . . .
H0in T Mass Flow Indicator l : Desorption time 60 min
__________________ 1
Temperature probe ! ° Stirring speed 300 rpm
I
1
1
CO, loaded solution —— " Catalvst L__1| Energy electric
Y QO|  meter N
Oil bath —— i— Magnetic bar

e 1
—————— Heating system and magnetic stirrer
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1. ldentify solvent/catalyst pairs

Lab-scale experiments
Results - MEA 30 wt% CO, desorption rate curves

0.012 Higher maximum rate for
Earl?er peak times % L 70
with catalysts —— MEA30 Without catalyst
0.008 - —— MEA30 y-Al,0, L 60 5
c —— MEA30 H-ZSM5 o
Q
-E. - — = Temperature - 50 =
E 0.006 - g
e - 40 @
o
0 / £
| = 7 @
0.004 1~ L 30
| - 20
0.002 A ~ — |
- - 10
/‘ Steeper slopes
A
0 l T T T I 0
0 10 20 30 40 50 60

Time (min)
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1. ldentify solvent/catalyst pairs

0.012 +

0.01 4

0.008 -+

reo2 (Mol/min)
o
o
(=]
&

0.004 +

0.002 +

. Amount of CO, desorbed
Lab-scale experiments
—— MEA30 Without catalyst
Results - MEA 30 wt.% 0.3 { ——MEA30Y-ALO,
(s | T MEASOH-ZSMS
, .
nCOZ,desorbed (t) - f rCOZ dt -_'o- 0.2 -
0 £
2
c'-‘ 0.15 +
CO, desorption rate curves 01 1
r 90
0.05 +
_______________________________ L 80
: F 70 0 T T T T T |
—— MEA30 Without catalyst 0 10 20 30 40 50 60
—— MEA30 y-AL,0, P ) .
J — MEA30H-ZSM5 [ Time (min)
/! - - —Temperature L 50 g .
’ E Relative Heat Duty
e 100%
L 30 @
2 90%
10
T T T T T 0
10 20 30 40 50 60 80%
Time (min)
70%
D - Energy input 60%
nCOZ,desorbed
50%

MEA30 Without MEA30 y-ALLO, MEA30 H-ZSM5
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1. ldentify solvent/catalyst pairs

Lab-scale experiments
Results - MEA 30 wt.% - CESAR1

0.025 -~
0.02 - \
\ —— MEAS3O0 Without catalyst
—MEAS30 y-AL,0,
‘c 0.015
€ ——MEA30 H-ZSM5
~N
g —— CESAR1 Without catalyst
e ——CESAR1 y-ALO,
O 0.01
——CESAR1 H-ZSM5
0.005 -~ /
’ MEA 30 wt.% [
0 = T T T T 1
0 10 20 30 40 50 60

Time (min)
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1. ldentify solvent/catalyst pairs

Lab L . Amount of CO, desorbed
ap-scate experi ments 085 7 __CESAR1Without catalyst
ReSLIltS - CESAR1 0.3 - ——CESAR1Yy-ALO,
——CESAR1 H-ZSM5
0.25
t
nCOz,desorbed(t) - f rCOZ dt % 0.2 4
0 E
o™
8 0.15 1
c
CO, desorption rate curves 041
0.025 - - 90
0.05 -
R e - 80
0.02 - - - 0 . ‘ . . ‘ .
—— CESAR1 Without catalyst _ 0 10 20 30 40 50 60
€ , —CESAR1 y-ALO, e Temps (min)
g 0.018 — CESAR1 H-ZSM5 © .
:'c; - - = Temperature E Relatlve Heat Duty
£ g 100.0% -
9 0.01 £
90.0% -
0.005
88.8%
0 80.0% -|
0 10 20 30 40 50 60
Time (min)
70.0% -
D - Energy input 60.0% -
nCOZ,desorbed
50.0% -

UMONS | Célia Pasté | Catalytic Regeneration | PCCC-8

CESAR1 Without
catalyst

CESAR1y-ALO,

CESAR1 H-ZSM5
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Conclusion

Catalystreduces E__, - Energy gain ? Catalyst characterization
E . ..\ —_— E N
activation regen Acidity Surface area
Energy sE _
100%\ act ? ———100% Eact
81 —eswEact y-AL,0, Mostly mesoporous
=7 A —85% Eact
. g7
Eqce ) H-ZSM5 o Mostly microporous
Products 5 5 7
oo
£, |
w
N L
Reactants
Reaction coordinates GOD 00 TE0Tse R0 S0 S60 el Better results with a better acidity
L/G
Lab-scale results
CO, desorption rate curves . .
™ ) ot Relative Heat Duty Relative Heat Dut
0.012 - igher maximum rate for - 90 . ;
v-ALO; and H-ZSM5 100% 100.0% S g .
R r 8o 100% \ 100% \
Earlier peak times i L 20 90% - 99.5% 90.0% - 95.8%
with catalysts o ——— MEA30 Without catalyst
0.008 | P —— MEA30Y-Al;0, r 80 G 89.7% 88.8%
£ | ——— MEA30 H-ZSM5 L 80% - 80.0% -
§ . Temperature l 50 g X
g 0.006 1 J B
& ,f o0 8
§ p £ 70% - 70.0% -
0.004 { - L a0 @
L 20 i
0.002 - 60% 60.0%
0 T T T T T 0 50% 50.0%
0 10 20 30 40 50 60 MEAS30 Without MEA30y-AL,0, MEA30 H-ZSM5 CESAR1 Without CESAR1y-ALO, CESAR1 H-ZSM5
Time (min) catalyst catalyst
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1. Identify solvent/catalyst pairs
5 METAL OXIDES E@a @l 3 ZEQLITES @ @

2. Micro-pilot experiments

3. Simulations
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Deprotonation

Acid-AC

ﬂfL\ C/\b

NH,
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