Enabling 10 mol/kg swing capacity in post-
combustion CO, capture processes

Krista S. Walton
Yoshiaki Kawajiri, Matthew J. Realff, David S. Sholl, Ryan P. Lively
Stephen J. DeWitt, Rohan Awati, Jongwoo Park, Eli Carter, Hector Rubiera Landa

Georgia Institute of Technology
School of Chemical & Biomolecular Engineering
Atlanta, GA 30332

BM Sanderson, BC O’Neill, C Tebaldi, Geophysical Research Letters 2017 inmondo'\? ) Georgialanchool of Chemical &
RP Lively, MJ Realff. AIChE J. 2016 tech’9 Tech|/|Biomolecular Engineering



Adsorption (and membranes) are materials-enabled separations i
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Adsorption (and membranes) are materials-enabled separations
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Connecting materials to engineering solutions—fibers lead the Way5
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Rapid thermal swing adsorption—amines/hollow fiber sorbents”
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Rapidly cycled pressure swing adsorption using MOFs

Cycle times of ~20 seconds are common for industrial RCPSA (>5x faster than RTSA)
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Rapidly cycled pressure swing adsorption using MOFs

Cycle times of ~20 seconds are common for industrial RCPSA (>5x faster than RTSA)
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Rapidly cycled pressure swing adsorption using MOFs

Cycle times of ~20 seconds are common for industrial RCPSA (>5x faster than RTSA)
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Enabling 10 mol/kg swing capacities via flue gas pretreatment

Air Liquide Sub-Ambient Membrane System
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Enabling 10 mol/kg swing capacities via flue gas pretreatment
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acities: Potential MOF cindidates b
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Complexities of developing engineering solutions for post-
combustion CO, capture (next 4 slides)

Scaling-up MOF contactors
« Synthesis

« Stability

 Etc.

Transport Limitations
« Heat effects

* Pressure drop

* Etc.

Contaminants
« Acid gases
« Water

+ Etc.

Systems Engineering

* Optimized cycles

* Process Economics
« Etc.
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Complexities: Scaling up MOF fiber sorbent contactors
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Complexities: Scaling up MOF fiber sorbent contactors
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Complexities: Scaling up MOF fiber sorbent contactors

s TS &l  UiO-66 or MIL-101(Cr)
AP IRAT T dispersed in polymer E aj
T B RE solutlon

Surface areas of fiber sorbents are

equivalent to (mass frac. MOF ) x OF
(MOF surface area) | Spmneret Fiber Module
R . Hollow fiber collection make-up

sorbent spinning[[ Quench
bath

O - ARD Results for MIL-101(Cr) Fibers

HO O O | — 50 wi% Fiber
O —— Powder
O H C O — Simulated
< 3
CH \[]/ ‘

- O _In

o
I
O

@)
@)

\
\
| ntensity

o 10 20 30 40
Angle (28)
Unpublished data Georgia [& School of Chemical &

Tech |/ Biomolecular Engineering



Complexities: Scaling up MOF fiber sorbent contactors
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Complexities: Scaling up MOF fiber sorbent contactors
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Complexities: -
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Complexities:
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Complexities: Transport Limitations
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Complexities: Transport Limitations

-
o

A -
_.? c\:; 0.24 ] (238K, 16 bar)
Q O 0221
T 0.8 @ & 0.201
b Q. eX ]
8 Unmodulated S E o]
P O — 0.16-
o 0.6 - ' L O g14] ? " "
(&) Hollow fiber 2 2 012] 4 '
"% .4 [sorbents with phase O X 010
o change material /- E 8 0.08 ° Ox m  Modulated Fibers
N - = 1 ® Unmodulated Fibers
o X T 0.06]
O 0.2 4 8 o\ 0.04 ~ v °
o = O 0,02 e e e
0.0 mgooy
0 15 30 45 0 100 200 300 400 500 600 700 800 900
Time (sec) Flow Rate (sccm)

Unpublished data Sograln | School ot Chamionl & o

=



Complexities: Contaminants and Stability
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Complexities: Contaminants and Stability

Effect of Dry SO, on MIL-101(Cr)
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Complexities: Cycle optimization and systems engineering

CO, Breakthrough Curves
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Complexities: Cycle optimization and systems engineering

5 years equipment lifespan 2 Parasitic load (NETL Base Case 550 MW power plant)
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Conclusions and perspectives

Key question: Can we increase swing capacity by 10x and reduce cycle time by 5x to dramatically
drive down adsorbent costs?

« Combining RCPSA cycles with appropriate metal-organic frameworks in sub-ambient conditions
results in highly productive adsorption systems (i.e., tonne CO,/tonne adsorbent-day)

=

Post-FGD

N
Flue gas 2 20

t CO, single component Pads = 2.0 bar

L —=— Pdes = 0.1 bar
—e— Pdes = 0.2 bar
—A— Pdes = 0.3 bar|
—v— Pdes = 0.5 bar
—— Pdes =1.0 bar

=
4]
T

Power
recovery

002 to

pipeline Sub-ambient | =

heat
exchanger

AN, (mol/kg)
S

(53]
T

220 230 240 250 260 270 280
Temperature (K)

MOF fiber sorbent PSA
T=-40°C, P=200 psig

« Significant “real world” complexities exist, but hollow fiber sorbent platform provides solutions to
many of these (scalability, transport limitations, etc.)

« Costs in the range of $35-$45/tonne CO, may be achievable using these materials in this

process concept, but significant work remains
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Process Scope—Key Topics, BP3 (Jan 18-
Dec 18)

Eight major activity areas for BP2:
Task 15.0: Process flowsheet refinement —Ongoing, 80% complete

Task 16.0: Generate >250 g/quarter of UiO-66 and spin fibers —Ongoing, 80%
complete

Task 17.0: Construct/test RCPSA system for dirty gas testing—Ongoing, 50% complete
Task 18.0: Model Validation for fiber module —Complete

Task 19.0: Monolithic Fiber sorbent stability in dirty gases —Ongoing, 25% complete
Task 20.0: Composite (PCM containing) fiber testing in sub-ambient PSA—Complete
Task 21.0: Sub-ambient Technical Feasibility Study —Ongoing, 50% complete

Task 22.0: Large module testing in sub-ambient PSA —Task Initiated this quarter
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