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Project overview

Performance period: June 1, 2018 — Sep. 30, 2021
Funding: $2,914,074 from DOE; $728,738 cost share

Objective: Develop a transformational graphene oxide (GO)-based membrane process
(GO?) for CO, capture with 95% CO, purity and a cost of electricity (COE) at least 30% lower
than DOE amine reference baseline SC PC plant case
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Project management and planning
Quality control
CO, capture performance tests

GO membrane development and scale-up

Scale-up of flat sheet GO membrane modules
Process design and optimization

Site host

Technical & economic study




GO membrane technology based on our work publish‘gdm

Nature Communications, and Journal of Membrane Science

Ultrathin, Molecular-Sieving Graphene Oxide Membranes for

Selective Hydrogen Separation
Hang Li et al.

Science 342, 95 (2013);

DOI: 10.1126/science.1236686
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Contribution: \
= Single-layered GO flake
prepared as thinas 1 nm
= Structural defects on GO
flakes can be controlled
as transport pathway for
selective gas separations
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01702311 OPEN

Ultrathin graphene oxide-based hollow fiber

)

membranes with brush-like CO»-philic agent for
wighly efficient CO, capture

Journal of Membrane Science ij;.ﬁ;“’
Volume 573, 1 March 2019, Pages 184-191 o ——
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Ultrathin, ethylenediamine-functionalized graphene oxide
\_ membranes on hollow fibers for CO, capture
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Process description

= 70% removal from coal flue gas: single stage
GO-1
Flug — — Treated
gas I flue gas

CO, captured
(95% purity of CO.,)

= 90% removal from coal or natural gas flue gases: a proprietary GO? process integrates a high-
selectivity GO-1 membrane and a high-flux GO-2 membrane for optimal performance

GO-1 GO-2

Flue — , — Treated
gas flue gas

CO, captured
(95% purity of CO,)
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An scalable procedure developed for fabricm

GO membranes on hollow fibers
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GO-based coating
_ solution flow inside
Hollow fiber the follow fiber

support

GO membrane
on hollow fiber




An innovative membrane structure: GO nanocha

Intercalated by single-walled carbon nanotube (SWCNT
= What does this structure look like?

Coated with SWCNT

= Why this structure?

= SWCNTs narrow surface
pore size below GOQD size

\ SWCNT Re-coated with N-GOQD = |nfiltrated GOQDS paCk
« N-GOQD densely with SWCNTs to

form a carbon-based hybrid
membrane

PES hollow fiber substrate SWCNT framework

Drying and heating

N-GOQD/SWCNT membrane N-GOQD vacuum coating

gtl SWCNT: single-walled carbon nanotube 7
N-GOQD: nitrogen-doped graphene oxide quantum dot



SWCNT successfully prepared on PES hoIIoW

PES fiber surf?ce SWCNT-PES surface SWCNT-PES cross section
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gtl SWCNT: single-walled carbon nanotube 8

PES: polyether sulfone



N-GOQD/SWCNT/PES membranes: SEM, XPS, and FTIR
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DETA functionalized N-GOQD/SWCNT/PES membran-e‘
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* Cyclic capacity
« Significant lower heat of absorption
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DETA functionalized N-GOQD/SWCNT/PES membranesm
high CO,/N, separation performance and good stability

= 750°C, 2 psig, sweep gas mode, 100% humidity in feed
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In addition to hollow fiber membranes, flat shem

were successfully prepared by printing
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gtL Fathizadeh et al., Journal of Materials Chemistry A, 5, 20860 (2017) 12



|
Printed GO-1 membrane showed CO,/N, selectivity as

300 with CO, permeance of 1,100 at 80°C

80°C, wet condition, vacuum permeation system (permeate side pressure: 0.4 bara)
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|
Printed GO-2 membrane showed CO, permeance as hm
2,520 with CO,/N, selectivity of 70 at 85°C

85°C, wet condition, vacuum permeation system (permeate side pressure: 0.4 bara)
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Where do our membranes fall on the Robeson‘plots.,
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Vacuum filtration prepared GO-1 at 75°C

T— Printed GO-1 membranes at 80°C

Printed GO-2 membranes at 85°C

Robeson, J. Membrane Sci. 2008, Vol. 320, p390
Note: Polymer data points (red): 100 nm membrane thickness assumed
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Future work overview/roadmap (in this prOJectm
[Task 1 Project management and planning (throughout the project) }

Membrane Development Process Development

—( Task 2 — Development of GO membrane with ]
_area of 50-100 cm? y

4 ! N
BP1 | 9y [ Task 3 — Improvement of 50-100 cm?2

6/1/18- . membranes towards hiiher selectivities

3/31/20 ™~ Task 4 — Stability testing of membranes at |« We are here

_ near realistic flue gas conditions )
[ Task 5 — Scale-up of GO membrane modules |
_ to effective areas of 1000 cm? _
T Task 7 — Design and
[ Task 6 — 100-h stability tests for GO A construction of a GO?
. membranes developed under Task 5 ) system
BP2 | T O b 4
4/1/20- [Task 8 — Testing of the GO?2 system using NG flue gas }
¥
9/30/21 [Task 9 — Testing of the GO?2 system using coal flue gas ]
[ Task 10-TEA |

gt -



|
Envisioned technology development path‘

Scale

| | | | | i | I i I
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Year
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= We are developing a transformational graphene oxide-based membrane
process for post-combustion CO,, capture
= Single stage for 70% removal from coal flue gas

= GOZ?process integrating a high-selectivity GO-1 membrane and a high-flux GO-2
membrane for 90% removal from coal or natural gas flue gases

= GO-based membranes developed to date

= GO-1 membranes (hollow fibers): CO, permeance of 1,400 GPU, and CO,/N,
selectivity of 520

= GO-2 membranes (flat sheet fabricated by printing): CO, permeance of 2,520 GPU,
and CO,/N, selectivity of 70

= Future work
= Scale up membranes
= Design GO? process and testing at the NCCC with actual flue gas

Summary

gti :
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Disclaimer

This presentation was prepared by GTI as an account of work sponsored by an agency of the United
States Government. Neither GTlI, the United States Government nor any agency thereof, 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 herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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