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Challenges & Objectives

Challenges: PGurified
as
Packing characterization at device scale:  Random Lean
: Solvent Structure
= | Effective mass transfer area a, gt <« ,

=  Gas-film mass transfer coefficient kg

* Liquid-film mass transfer coefficient k, & W
Objectives:
= Using CFD to Flue Gas
= directly model mass transfer area at 7
bench-scale to Stripper
= understand the local hydrodynamics B | o Solvent —
/mass transfer with complex geometry NEREIEE  Counter- e -
= Using bench-scale column exp. to current Dry - Ruuiots
= study the performance of flow | oo “-\}\ aropets

solvent/packing

= validate the CFD area model
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Column:
dD ~10m
H ~30m

1

Layer height:

~20cm

|

Corrugation height:

O(10 mm)

film thickness
~0(0.1mm)
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Carbon Capiure Simulation for Industry Impact

Outline

Bench-scaled Packed Column (Overview)
Experiments (EEMPA & MEA)

CFD Simulations

e 1:1 full size column CFD modeling

* Representative column CFD modeling

Experiment / CFD Comparison

= Plan for Sequential Design of Experiment (SDoE)
= Conclusion
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Outline

= Bench-scaled Packed Column Overview
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Bench-scale Column Design:

= Glass Jacket Column
= Diameter 3”7, Height 21”

Packing Type:
» Raschig rings
Diameter: 6 mm
Height: 6 mm
= 8000-9000 rings
= Material: 316SS, Nylon 6
» Porosity: 68%
= Specific area: 835 m?/m3

Solvents:
= MEA
= EEMPA
MEA EEMPA
Viscosity u
[CP] 14 7.1
Surface Tension o
IN/m] 0.067 0.034
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Bench-scaled Packed Column Overview

Solvent
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Column Design Experiment 1:1 Full Scale
Column CFD Model
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Sensitivity study
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(Sequential Design
of “Experiment”)
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Outline

= Experiments (EEMPA & MEA)
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Experiments of Bench-scale Packed Column

Solvent/packing pairs:
= MEA and 316SS

= EEMPA and 316SS

= MEA and Nylon 6

= EEMPA and Nylon 6

Packing Material
= 316 Stainless Steel
= Nylon 6

Measured Carbon Capture Efficiency (CE)

@,

H =6mm
OD= 6mm
Wall=0.82 mm
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» CE increase with u; /u.
= Effective area back out from CE
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Outline

= CFD Simulations

o 1:1 full size column CFD modeling
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1:
Full Size CFD Model Setup

1 Full Size CFD Model

Numerical Packing Process

Gas Stainless Steel Glass Ring P;:rggllgcl)\jggel
Outlet [—— |
dEtind
Solvent [ Daess ﬁ
Inlet [&: : f}
Top Boundary H =6mm, OD= 6mm, Wall=0.82 mm ZOOSmaII Ball
(D=0.82 mm)
g;cuk;i Raschig Rings <_|Experiment CFD Simulated Improved ring contact
Dimension: 8 e (?k'ng ‘ Pclfin'g modeling
ID: 3” : (0‘0
Height=21" 155
Bottom Boundary SV,
ST
G
Green: Gas Inlet Yoy A8
Red: Solvent Outlet Sectional plane view
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Entrance Effect
(with single
point injection)

CCSI”

Carbon Capiure Simulation for Industry Impact
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1:1 Full-size CFD Model

©O o o o o o ©O
o B R NN W W
G o »u o wu o u

Normalized Interface Area a./a,
=
o

-~

rererereer

BERKELEY LAB

o
©
\CD
@
: 000 >
[ @) ¥ O z 0 —
i © : :o ° m!.: o <
: ...W-S*!! Geefly ;020
- ’:0... %
L ® Y
E 00° : 5 015
Fo° = [
¢ : e SLPM=0.1920 = 010 [
¢ SLPM=0.2793 N
Solvent: MEA e SLPM=0.3920 T 0.05
Viscosity: u = 1.4 cP ® SLPM=0.4595 S
T M R o
Z 0.00
0.00 0.10 0.20 0.30 0.40
Distance from solvent inlet (m)
Inlet
SRS lotammes it

Gas flow rate: 25 SLPM
Solvent viscosity: [1.4, 7.1] cP

©
w
o

Liquid fully distribution
distance: “(2.10 m

ol 2l .

©
N
(0]

EsT 1943

¥ WestViginiaUnivessity TE XAS

Simulation Conditions: Findings:

= Total 9434 Rings = Significant entrance effect for single
X =« Total ring surface area: 1.99 m2 point injection, distributor required.
¥ = Liquid flow rate: 0.1-0.8 SLPM = 20% to 30% of column height before

reach fully distribution

Stronger entrance effect for more
viscous solvent

: Liquid fully distribution
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Time=55s

1:1 Full-size CFD Model

Simulation Conditions: Findings:

» Total 9434 Rings » Significant entrance effect for single
X « Total ring surface area: 1.99 m2 point injection, distributor required.
* = Liquid flow rate: 0.1-0.8 SLPM = 20% to 30% of column height before

=  Gas flow rate: 25 SLPM reach fully distribution
= Solvent viscosity: [1.4, 7.1] cP = Stronger entrance effect for more

viscous solvent
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Time=21.0s
1:1 Full-size CFD Model
Simulation Conditions: Findings:
= Total 9434 Rings = Significant entrance effect for single
X =  Total ring surface area: 1.99 m2 point injection, distributor required.
* = Liquid flow rate: 0.1-0.8 SLPM = 20% to 30% of column height before
=  Gas flow rate: 25 SLPM reach fully distribution
. ity = Stronger entrance effect for more
Solvent viscosity: [1.4, 7.1] cP viscous solvent
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1:1 Full-size CFD Model

CFD Comparison w and w/o Distributor Distributor design in experiment
Flow Rate: 0.76 SLPM
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Outline

= CFD Simulations

* Representative column modeling
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Representative Column Model

Representative Column Setup

= Column Size: H=6 cm, OD=7.62 cm
= Packing Height Z =[0 5] cm

» Raschig Ring Size 6 mm

= Specific Area a, = 857 m*/m>

Top Boundary Bottom Boundary

B Gas Inlet/Outlet
B Liquid Inlet/Outlet
[ Ring Surface

1.0 cm

= 2.9 million mesh with mesh size

* Run to 8s (3 hours Simulation)
for converged solution

» Good size for sensitivity study

| 5.0 cm
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Normalized Interface area a

Representative Column Model

Sensitivity Study For Solvent Parameters
Fixed Parameter:

p, = 1077 kg/m3,u; = 1.46 X 10™3m/s

= Varying one parameter at a time (~30 runs);

0.3

Range covers MEA and EEMPA:

Contact angle 6 [10° 90°]
Surface tension o [25 70] N/m
Solvent viscosity u; [2 10] cP
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Liquid Dynamic Viscosity [cp]
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Normalized Interface area a

Representative

Sensitivity Study For Solvent Parameters

o

S
S

* Fixed Parameter:
p;, = 1077 kg/m3u; = 1.46 x 1073m/s
= Varying one parameter at a time (~30 runs);

Column Model

Range covers MEA and EEMPA:

Contact angle 6 [10° 90°]
Surface tension o [25 70] N/m
Solvent viscosity u; [2 10] cP

0.3

o 0.3
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Representative Column Model

SDoE for CFD Statistical Analysis of 50 CFD Runs
= [nitial 50 runs to explore 5-dim

parameter (u;,ug, 4z, o,8) space
= Selected to cover bench experiment

conditions

Sensitivit Sensitivit
Viscosity py, [CP] 5 13] l Contact Angle 27.341
Surface Tension a [N/m] 0.01 0.04] Solvent Flow Rate 13 375 5
LONEELAGE © ] DY Surface Tension 9.434 3
Solvent Flow Rate u; [L/min] [[0.1 0.9] Sol Flow Rate*
Gas Flow Rate u [SLPM]  |[10 100] SOO‘I’Vee”rft o Ra;fe 6.484
Others
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Outline

» Experiment/CFD Comparison
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Experiment / CFD Comparison

Physical Properties of Solvent
= Solvent type: MEA, EEMPA

= Three key parameters:

U Viscosity y;

O Surface tension o

U Contact angle 8 (much larger uncertainty)
= Three data sources:

O Measured at PNNL

U Aspen predicted

U Existing correlation

|dentify the range of these parameters in packed column
Quantify the uncertainty in CFD interface area prediction
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Experiment/CFD Results Comparison

Contact angle in column: Experiment Pair | Contact Angle | Surface Tension | Liquid Viscosity
(difficult to precisely determine) [°] (Best Guess) A[N/m]ngProm V| A [cP] é':l';om ;
spen aper spen aper
= Roughness . . < <
G EEMPA+SS316 [30, 46] [0.026, 0.038] 6.2, 7.6]
| |
eorTletry EEMPA+Nylon6 [15, 23] [0.026, 0.038] [6.2, 7.6]
* Loading MEA+SS316 [19.8, 52.6] [0.054, 0.07] [1.38, 2.54]
= Temperature, etc. MEA+Nylon6 [19.8, 52.6] [0.054, 0.07] [1.38, 2.54]
Normalized Interface Area a;/a, Comparison
EEMPA+SS316 EEMPA+Nylon 6 MEA+SS316 MEA+Nylon 6
3 3 03 3
= 02 nat = 02 igE = 02 i = 02 [ J
: i | O - [ l s b
£ 01 £ 01 ! £ 01 [ 0 £ 01 [ ,
&) : .’ &) .’ &) : .’ 0 : .’
LL L 4 LL d LL ’, LL L ’
o L /' 1 O ’,' @) L ,/ {1 O L ,/
0 Lz ) ) 0 L2 ) ) 0 Lz . ) 0L . .
0 0.1 0.2 0 0.1 0.2 0 0.1 0.2 0 0.1 0.2
Aspen Predicted Aspen Predicted Aspen Predicted Aspen Predicted
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Experiment/CFD Results Comparison

Contact angle in column: Experiment Pair | Contact Angle | Surface Tension | Liquid Viscosity
(difficult to precisely determine) [°] (Best Guess) [N/m] (From [cP] (From
Aspen & Paper) Aspen & Paper)
= Roughness
G EEMPA+SS316 [30, 46] [0.026, 0.038] [6.2, 7.6]
| |
eorTletry EEMPA+Nylon6 [15, 23] [0.026, 0.038] 6.2, 7.6]
* Loading MEA+SS316 [19.8, 52.6] [0.054, 0.07] [1.38, 2.54]
= Temperature, etc. MEA+Nylon6 [19.8, 52.6] [0.054, 0.07] [1.38, 2.54]
Normalized Interface Area a;/a, Comparison
EEMPA+SS316 EEMPA+Nylon 6 MEA+SS316 MEA+Nylon 6
3 3 3 3
5 02 " | Contact angel @ contribute the most uncertainty .
s | Hﬁﬁ to the interface area prediction ,
e Contact angle >> Surface Tension > Viscosity
LL [ ," 4 L " | L ,’ 4 L L ,',
®) L {1 O R O e {1 O e
0 Lz L L ] 0 LZ L L 0 Lz . L ] 0 Lz . .
0 0.1 0.2 0 0.1 0.2 0 0.1 0.2 0 0.1 0.2
Aspen Predicted Aspen Predicted Aspen Predicted Aspen Predicted
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Next Step: Plan for SDoE

CFD Parameters Space
Filling

CFD Simulation

v

CFD Parameters Range
Viscosity u; [cP] [515]
Surface Tension ¢ [N/m] | [0.01 0.04]
Contact Angle 6 [°] [5 80]
Solvent Flow Rate Same as Exp
[L/min]

Gas Flow Rate [SLPM] | Same as Exp
Experiment Range
Parameters
Solvent Flow Rate [0.10.9]
[L/min]

Gas Flow Rate [10 100]
[SLPM]
Loading/Reboiler <135°C
Temperature
Absorber Temperature | [30 60]
[°C]
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Interface Area(a;)
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Experiment Parameters
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SDoE Improve CFD Modeling
. < Compare
Optimization
SDoE ) :
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Conclusion

Validation Against Bench-cart Column Experiment

= Solvents: MEA, EEMPA

= Packing: SS316, Nylon 6

= |everage Aspen prediction of properties
CED Approach Optimized

= Direct calculation of interface area

= Full-size column for entrance effect:

O Viscous solvent has stronger effect

O Liquid distributor will reduce 2/3 of the effect
= Computationally efficient representative column model

Sensitivity Study

= Contact angle 8 has the largest impact to the CFD interface area prediction.
= We need better understanding of its role and influential factors.
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For more information
https://www.acceleratecarboncapture.orq/

Your Contact Info
Zhijie. Xu@pnnl.gov
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