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Carbon Capture
Supported Amine Sorbents

Objective: Deliver a test stand with a
4 ; sorbent to NCCC facilities for slip
r | stream testing AND deliver data for

| CCSl validation

Approach: Simultaneously develop a
sorbent and full circulation test stand
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TGA & Performance Data Collection

:,ﬂ; g £ : Sorption
< sl | CCSI . =
- R LLIOUTTY Kﬂﬂ@iﬂ@g

%‘NETL 4



Sorbent Development: CCSI communication

Provided AX sorbent properties to CCSI

Feedback on working capacity and
moisture requirements

Reformulates sorbent based moisture
and working capacity requirements

HZN/\/\Si/\OEt AX reformulated to 32D sorbent
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Polyethyleneimine Silane Coupling

Polyethyleneimine Mn 423-2000

TEAT hﬁ Simple

Scalable
@ Acceptable Capacity

Aminosilanes

Moisture Resistance
Stability
Saleable

Synthesis was scaled to
Pressure Chemical — Pan Dyer 1,000 Ib production
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Summary for Basic Immobilized Amine Sorbent

*Silica substrate candidate of
choice

High capture capacity - 3-4
mol/kg

. L PEl on CARIACT Q10
Working capacities in the (100 to 350 pm dia.)
2 mol/kg range i = 1

eLoading results confirmed by
TVA and ADA-ES

*CO, regeneration improbable
e Stable at 110-115°C

*Reduced moisture loading to
minimize regeneration duty

*Kinetic study conducted

Schematic and actual pilot unit

eScaled to large production scale




Circulating Reactor Development (C2U)

Integrated circulating fluid bed
reactor

Develop an understanding of
engineering challenges

System has not been
optimized for 32D sorbent —
currently achieve about 0.5
mol/kg with 32D

Full post analysis of material
available at NETL and partners

— Particle Size Distribution
— Amine Loading
— Capacity Testing

Cyclone

Diversion
valve

Loop seal

/

Regenerator -
Batch test
reactor

Loop seal

N Crossover

=

&— Riser

\ Collection

reservoir

=

| —

<—— Adsorber

N=TL



C2U Operation and Testing Modes

Full loop Circulation

1.

Real experience in Dual
CFB Reactor Design

Allows the Sorbent to be
circulated

System is not optimized
for 32D — low capacities
observed

Circulation Rate is
difficult to control

Sorbent was too light,
pressure drops to small

Batch Testing

1.
2.

Bubbling Fluid Bed

Easy to control
fluidized bed

Bed holds ~ 2 kg

Multi-port gas
extraction

Rapid testing
procedure

Ease of modeling
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‘ ' CCS| For Accelerating Technology Development

’ ‘ Carbon Capture Simulation Initiative

Rapidly synthesize Better understand Quantify sources and
optimized processes internal behavior to effects of uncertainty to Stabilize the cost
to identify promising ‘ reduce time for ‘ guide testing & reach ‘ during commercial
concepts troubleshooting larger scales faster deployment
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Tools to develop an optimized process using rigorous models

Basic Data
Submodels

Qutput — Best variable and
objective values

Surrogate models for
each reactor and
technology used

Input — Initial guess,
problem definition

' parallel trains '

I

|

FOQUS Engine: DFQ and/or UQ

rigorous heat integration

in parallel, may include

cold out.

H1 1

L»

Heat Integration Tool: Soives LP transshipment model in
GAMS, takes stream and equipment information from

wsheet, and returns heat

fon results

Turbine: Simulation
queuing/execution,
error and result

management

SimSinter:
standard .NET interface
for simulation software,

graphical tool

Simulation: Aspen

Plus, Aspen Cusfom

Modeler, gPROMS,
Microsoft Excel
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Simulation & Experiments to reduce time for design/troubleshooting

Experimental Validation

Process Models &
Optimized Process

-~
-

Experimental Kinetic/Mass Trahsfer Data

-
-

Itered drag

fi

Cases completed

Demanstration and

Full Scale Systems
Pilot Scale
| Capture System | SRt
; WITL Carban Capture Lini [C2U) Labaratary Soals
I Ma ae g Unin Subvyviam
ACoupled
Wubbing Bed Adsarber [ Maving bed Bapenersion nCh tesed]
i DN
| e s o s § | Pegueeor st o | Subsystem
. el ¥ o bast ramaler] ¥ |Decoupied
—T__ """""""" T ““““ = benchmark cases]
(771 ey (Tiememg’}
{ g ] A L | R RTO
;'I' o fitaring] |, ¢ L m—"' by m""" . 3‘ {How Btering)
& | ¥ 1 £ ) +
Wt it [, | e %* Haat | Waoving Flaidired Bed Unit
B et | L PR I =S Problemd
A Y A

=TL 12



C2U Experimental Design and CFD Model

Sketch of C2U batch unit experiments
71 experiments conducted

reactor
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Gas inlet

Boundary conditions:
Inlet gas flow:
flow rate: 15 to 60 SLPM
temperature: 40 to 80 °C
gas species: N2, CO2, H20
Non-slip walls
Coils temperature

Sorbent properties:

Density, kg/m3: AX 900, 32D 483
Particle size, uym: AX 115, 32D 90
Umf, m/s: AX 0.0048, 32D 0.00226
Total mass, kg: AX 3.1, 32D 1.62

QOls (Quantity of interest):
Pressure drop :

PDT3820 = P,-P,

PDT3860 = P3P,
Bed temperature: 0.5(T+T,)
CO, adsorption: difference in inlet
and outlet value

Parameters for UQ study:

t1 : Coefficient of restitution,
particle-particle, [0.8; 0.997]

12 : Coefficient of restitution,
particle-wall, [0.8; 0.997]

{3 : Friction angle, particle-particle,
[25.0; 45.0]

t4 : Friction angle, particle-wall,
[25.0; 45.0]

t5 : Packed bed void fraction, [0.3;
0.4]

D _p: Sorbent particle size
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C2U and validation data

Statistical, space-filling experimental design

1. Cold Flow testing — hydrodynamics

2. Hot Flow testing — heat transfer, hydrodynamics

3. Reaction testing — reaction Kinetics, heat
transfer, hydrodynamics

Experiment parameters
— Gas flow rate
— CO, fractionin gas
— Coil temperature

Quantities of interest (QOI)
— Bed pressure

— Bed temperature

— CO, total adsorption

— CO, breakthrough curves

Sorbent AX Sorbent32D
\Cald Fow Hat How Cold How Hat How Reacting How
P (SLEM) e (SLEM] Tema{C) [Fiow (5P [Fiow (SLP0) Tema{=C] Fiow (SLPM) Temg{°C) ©0; Cans
438 155 703 1532 218 504 513 628 135
15 488 02 2368 385 867 40 823 108
589 334 363 503 438 433 37 882 146
437 386 &74 517 483 403 273 728 157
35.7 571 435 37 387 &5 233 575 142
2938 208 384 319 319 521 59 407 174
25.1 271 524 459 164 711 337 898 163
204 30 427 575 287 a7 356 416 104
545 436 as 387 227 534 231 843 169
403 26 s 254 527 781 328 59 183
384 547 5.5 556 581 573 413 704 20
232 419 74z 333 51 734 205 443 143
315 406 618 161 306 791 564 836 137
8 52 73 274 58 638 175 42 105
473 23 474 216 481 552 43 717 132
18 158 453 433 1533 837 569 579 102
334 285 (7= ) 545 383 435 32 791 153
526 434 405 414 434 &3 451 616 171
45 E- 50 96 87 76 448 654 187
569 152 763 477 561 426 502 4832 165
15 322 638 161 352 535 597 443 13
315 4581 5344 459 171 435 575 583 158
453 533 568 575 423 516 382 769 143
357 587 784 414 258 -] 245 678 iz
204 158 453 54 171 435 483 527 185
48 336 74 333 306 791 522 502 114
25.1 36 50 216 581 577 458 801 176
437 587 784 96 51 734 159 &7 122
569 533 568 517 133 857 358 531 138
545 182 763 503 438 453 55 54 148
233 37 432 545 131
384 433 544 757 118
473 2Ll 151 564 151
2332 27.4 345 47 127
589 548 302 776 167
334 387 287 483 108
18 319 pl-1- 44 178
403 437 286 507 133
28 556 25.1 7435 116
525 23.6 222 764 161
488 405 132
382 861 134
308 a3 134
445 891 156
423 56 111
534 725 138
13 783 173
275 737 183
176 518 175
405 434 116
13 783 173
328 58 183
544 757 115
458 408 182
382 768 43
245 678 1z
205 448 143
575 583 158
569 575 10z
35.56 416 104
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C2U and validation data

Statistical, space-filling experimental design

1. Cold Flow testing — hydrodynamics
2. Hot Flow testing — heat transfer, hydrodynamics
3. Reaction testing — reaction kinetics, heat

transfer, hydrodynamics T ,,
Experiment parameters fowRate | b """"n W e | e
— Gas flow rate | Y " e “u "
— CO, fractionin gas : : : :
— Coil temperature o e

: ‘ %

Quantities of interest (QOI) e e e S
— Bed pressure e
— Bed temperature O
— CO, total adsorption I |
— CO, breakthrough curves " n"'n.,-;'nn" W h Loz
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Calibrated Model Results & Experimental Data
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Deliverables and Next Steps

« C2U Validation Milestone Report

— Model setup, input data files, parameter determinations and
comparison data sets for easy implementation with a different
software or for a different application

— Statistical tools and methods used in the calibration/validation
process with best-practices documentation

 Next steps:
— Simulation with quantified confidence for 1MW BFB adsorber
— Prediction/Validation for 1 MW pilot system

N=TL 17



C2U Moves to NCCC For Additional Testing

 Dismantled, shipped, and reassembled
the C2U in Wilsonville, Alabama

e Conducted 50 hours of circulating flow
without sorbent performance
degradation

e Currently conducting 1,000 hour
exposure in batch test mode for
contamination

U.5. Department of Energy

National Garbon Gapture Genter

Managed by Southen Company Serdioes, e
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constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof.
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CCSI Toolset: Info Session This Evening @ 5:45 in Ellwood

High viscosity solvent model
SorbentFit — Kinetic/diffusion basic data fitting tool with UQ
High Resolution Filtered Attrition Model
Submodels Cylinder Filtered Models with quantified uncertainty bounds

1 MW Adsorber and Regenerator CFD Models (validated)

Validated high-fidelity Large scale adsorber and regenerator CFD Models

CFD models & UQ tools statistical Model Validation Tool for Quantifying Predictions
REVEAL: Reduced Order Modeling Tools for CFD and ROM Integration Tools
Bubbling Fluidized Bed Reactor Model
Moving Bed Reactor Model

Basic Data Submodels

Process Models Multi-stage Centrifugal Compressor Model
Membrane CO, Separation Model
Reference Power Plant Model
FOQUS — Optimization & Quantification of Uncertainty
.. ALAMO - Surrogate models for optimization
Optimization and UQ Tools :
Process Synthesis Superstructure
Oxy-Combustion Process Optimization Model
Technical Risk Model
Financial Risk Model
SimSinter — Links simulation files to FOQUS/Turbine

Crosscutting Integration Tools
g 9 Turbine Science Gateway — Runs hundreds of thousands of simulations

Risk Analysis Tools

N=TL 20
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