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Introduction to GTI

A Research organization, providing energy \\ .
and environmental solutions to the
government and industry since 1941

A Facilities: 18 acre campus near Chicago

Market Analysis

Technology Analysis
Product Development

Lab and Field Testing

Demonstration
OFFICE

SUBSIDIARY Commercialization
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GO-PEEK project overview

A Performance period: Oct. 1, 20157 Sep. 30, 2019
A Funding: $1,999,995 from DOE: $500,000 cost share

A ODbjectives: Develop a hybrid membrane process combining a
graphene oxide (GO) gas separation membrane unit and a PEEK hollow
fi ber membrane contactor (HFMEffomun
flue gases with 95% CO, purity at a cost of electricity 30% less than the
baseline CO, capture approach
A Team:
gti 1 Project management and planning
© 1 Quality control and CO, capture performance tests

1 GO membrane development

AR HQUIDE ALas q PEEK membrane development

ETECHRILODGES

~+ Trmeric corroration A High-level technical & economic feasibility study

GO = graphene oxide; PEEK = polyether ether ketone; HFMC = hollow fiber membrane contactor
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GO membrane technology based on our work
published in Science and Nature Communications

Science

AVAAAS

Ultrathin, Molecular-Sieving Graphene Oxide Membranes for
Selective Hydrogen Separation

Hang Li et al.

Science 342, 95 (2013);

DOI: 10.1126/science.1236686

NAre -

COMMUNICATIONS

ARTICLE
DOI: 10.1038/sM 467 (17-0E181

QOFEN

Ultrathin graphene oxide-based hollow fiber
membranes with brush-like CO,-philic agent for
highly efficient CO- capture

Fanglei Zhou! Huynh Mgoc Tien?, Weiwei L Xu2, Jung-Tsai Chen?, Qiuli Liu?, Ethan Hicks® 2,
Mahdi Fathizadeh@® 2, Shiguang Li¥ & Miao Yu!
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Singular PEEK HFMC technology currently at
pilot scale development stage (DE FE0012829)
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Membrane contactor: high surface area
device that facilitates mass transfer

Commercial-sized
(8-inch-diameter)
modules with
intrinsic CO,
permeance of
~2,000 GPU used
in pilot scale
testing

Achieved steady state performance during
224-h continuous testing with a single 8-
inch-diameter module at NCCC with actual

L (0.5 MW,)
Plant constructed and installed at NCCC
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Process description

GO PEEK
membrane HFMC

Flue —» — — Treated

gas flue gas

T

90% CO, captured
(95% purity of CO,)

A GO-PEEK uses a conventional gas separation membrane unit to capture
bulk of the CO, from coal-fired flue gas followed by a PEEK HFMC unit to
further capture CO,t o0 ac hi e technidal@Eéts

A Takesadvant ages o ftwoprbcessas Rhileoosedconainfy their
A C o noffeping opportunity to explore further reductions in CO,, capture cost
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GO-PEEK technical goals

Flue Gas

ACO,per meanc elpgB,
GO 1,000 GPU
membranes

Separate and
capture Q 9
from a simulated

flue gas with 95%

-“ACOZIsteI ecti Vi

GO-PEEK 90

hybrid

Alntrinsic CO,

PIDEESS PEEK per meance O Q&\\‘(?‘(L‘Q?h CO, purity
NEINERES GPU Vi e
A CO, mass transfer 0“01
l coef fici entt 3 (sec)
Treated
Flue Gas

GPU= Gas Permeation Unit
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Progress on PEEK
Membranes
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Under the current program, we have been developing
PEEK fibers with intrinsic CO, permeance of 3,000 GPU

— Generation |~ ~!Irent
PEEK fibers under projec
- — target for
S 3000 H 2-inch-
al diameter
Q, 00 modules
S
2000 - O .
S 2"d Generation
(B} PEEK fibers developed
c for pilot-scale testing
— (8-inch-diameter modules)
(b)
Q1000 1 W& ®7st Generation
@) we PEEK fibers developed
QO for bench-scale testing
(2-inch- or 4-inch diameter modules)
0 OBeginning of bench-scale program
2009 2011 2013 2015 2017

Year

1 GPU = 3.348 x 1019 mol/m?/s/Pa
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3'd Gen fibers developed; 2-inch-diameter module using
the fibers showed CO, permeance >3,000 GPU
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i Symbolindicates a shut
2000 down between
measurements

Intrinsic CO, permeance (GPU)

1000 -
A Module 2PG819, membrane area: ~0.1 m?2
A Single gas permeation measurement
A 23-25 AC, 10 psig feed pressure
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PEEK membrane module effective in capturing CO, from
low CO,-concentration feeds in membrane contactor

Tested with simulated flue gas
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Goal of mass transfer coefficient > 3 (sec)* achieved
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Progress on GO
Membranes

GO: single-atomic
layered, oxidized
graphene
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Procedure developed for coating GO membrane on
the inside surface of the hollow fiber (HF) support

PES Hollow
Fiber

¢ #¢ Uncoated

Coated
fiber cross
section

PES = polyethersulfone




Challenge: initial GO membrane performance
needed significant improvement

A Initial GO membrane performance under simulated flue gas
condition (humidified 15%/85% CO,/N, mixture):

A CO, permeance: 100 GPU; selectivity: 49

Li et al., ACS Appl. Mater.
Interfaces. 7, 5528 (2015)

<€ Kim et al., Science 342, 91 (2013) <— Our target
\ & Our membrane at early stage

Shen et al., ACS Sustainable
Chem. Eng. 3, 1819 (2015)

Shen et al., Angew. Chem.
Int. Ed., 54 , 578 (2015)
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