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This project was funded by the U.S. Department of Energy, National Energy Technology
Laboratory, in part, through a site support contract. Neither the United States Government
nor any agency thereof, nor any of their employees, nor the support contractor, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily 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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Adsorbent Portfolio

Zeolites

Porous Polymers Polymers of Intrinsic Microporosity

. (PIM)

1990 2000 2010 Timeline N. B. McKeown and P. M. Budd,
Chem. Soc. Rev., 2006, 35, 675683

Chem. Rev. 2017, 117, 1515-1563
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Cooper et al. Science 2015, 348, 6238
“Targeted geometries can have 10-20 times less pressure drop compared to packed reactors”
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Technology Background: Aminated Sorbents
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amine impregnation
>

polyamines

macro porous particle amine impregnated
(SA= 100-200 m?/g) sorbent
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high CO, uptake

high polyamine loading (50%)
slow CO, diffusion
regeneration (>100 °C)

less amine leaching

oxidation problem

Energy Environ. Sci., 2022, 15, 1360-1405
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amine impregnation
>

polyamines

macro porous particle amine impregnated
(SA= 100-200 m?/g) sorbent

%@@ amine impregnation
>
% % molecular amines

nano porous particle amine impregnated
(SA= 500-2000 m?/g) sorbent
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high CO, uptake

high polyamine loading (50%)
slow CO, diffusion
regeneration (>100 °C)

less amine leaching

oxidation problem

Energy Environ. Sci., 2022, 15, 1360-1405

High CO, uptake
molecular amine (<30%)
faster CO, diffusion
Regeneration (<100 °C)
amine leaching

limited oxidation

Mater. Adv., 2021, 2, 5843-5880
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29 kJ/mol 32 kJ/mol 68 kJ/mol

Neat PIM-1 Acidic functional groups  primary amine groups
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COOH

NH, 0 ;
_ I O’ C00
n OO * Can be scaled up with cost-efficient synthesis
Il 0
N H;C n

Soluble in common solvent and can be processed

Tunable chemical structure

=
I
_J

High surface area and pore volume

NH,
\ HzN\/\N/\j\J\/\N/\,NHz  Library of different sorbents can be prepared
H
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Heats of Adsorption for CO,
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* Amidoxime functionality for amine tethering

AAO methyl-MEA
(a) BE = 13.6 kJ/mol (b) BE = 12.4 kJ/mol

Energy Environ. Sci., 2011, 4, 4528-4531
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Chem. Commun., 2012, 48, 9989-9991
by Cafer Yavuz group
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CN

DETA

v NH,0H, MeOH ﬁo
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N

n HZN\/\N/\/NHZ
NZ" "NH, H
OH Hydrogen bonding

CN

PIM -1 PIM -1-A0 PIM -1-AO-DETA

Amines considered:

* Diethylenetriamine (DETA)

*  Tris(2 aminoethyl)amine (TAEA)
* Tetraethylenepentamine (TEPA)

, U.S. DEPARTMENT OF




o o o p ==INATIONAL
Amidoxime Functionalized PIM-1 N=[NT2Y
TL TECHNOLOGY
LABORATORY
60
| CO, Isotherms at 298K o ®®
oo’
50 - o®®
N ad
o ®
'5 /‘/' o °
=’ 40 - e 9 _
® 9 o 28
5 o/° /./::3/'/'
L 30- /o/.::/’/
_;43 o g e
o
D)
ON 20 -
O
—®— PIM-1
10 —e— PIM-1-AO
—®  PIM-1-AO-DETA PIM-1 PIM-AO
0 - -~ @ PIM-1-AO-PEI

0 200 400 600 800 1000
Pressure (mbar)

S. DEPARTMENT OF




H HH “—INATIONAL
Amine S'l'qblll'l'y N=[E0E2Y
TL TECHNOLOGY
LABORATORY
e Control study with neat PIM-1
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PIM-1-AO Based Fiber Sorbent

PF-15-TAEA-fiber sorbent

NH,
N N
o
oH " NH,
H,N_ N
n
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OH ™,
PF-15-TAEA  HAN_~ N
fiber sorbent H

NH,
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Fibers procced only from the sorbent formulation, no
additives needed

Cost-efficient synthesis and large-scale processibility
High surface area substrate polymer

Molecular amine use enabled by amidoxime
functionality

Amine loading is <25% in the sorbent
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Wet spinning of PF-15 N= Y
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PF-15 fibers SEM N=[ERvA
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PF-15 fibers porosity
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Breakthrough analysis (Simulated Air RH 50%) N=[EaRA
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Signal vs. Time
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Breakthrough curves of H,O (red), N2 (light green) and CO,(blue) of the sorbent PF-15-TAEA under simulated wet air
conditions: 400 ppm CO, concentration and 50 % RH at 25 C. The data was collected by Micromeritics Instrument Co.
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Other form factors

Electrospun fibers

diameter of fibers: 2 micron

fibers: 30x5cm

fiber diameter distribution
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and to understand the adsorption mechanism
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e Explore different sorbent formulation with the help of
computational team.
e Monolith fiber scale up

e Flectrospun fiber production

* Flat sheet fiber production

. . ey s PIM-1-AO backbone has: Gray = carbon
e Testing the sorbents under simulated DAC conditions « Stiff straight sections  Red = oxygen
that consist of fused White = hydrogen
e Exploring the filler candidates to be used in the polymer rings ('aO)'der Blue = nitrogen1
polymer

Sharp kinks caused
by the spiro center
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