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Surface temperature increase (°C)
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Impact of increasing CO2 emissions on climate and industry

Laboratory of Advanced Separation:
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Cp=| High-performance membranes reduce capture cost, process
complexity and footprint

Commercial solution:
CO:2 absorption by liguid amines

. ans COs Specific energy Capture
] ] | consumption: cost:
©
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T— QE,
5| MJ/kgco,
Flue Il | =
gas
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= ]
Membrane-based solution: S
. L € MJ/kgco, s/ tonco,
CO2 permeation by a selective film e - L e
Flue gas cost of $500/m?
10% COg,
15% H-0, o
75% N2 @ g 0.15 bar @ 3 50%9; 0.2 bar @i 90% CO-
3 bar 1.1 bar
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Blower Vacuum pump Vacuum pump
lTreated
gas

Micari, Dakhchoune, Agrawal, Journal of Membrane Science, 2021, 624, 119103 3



=PrL Atom-thick porous graphene film for sieving gases

~Atom-thick pores — Ultrafast CO2 transport
Gases can be

separated based on ~A-scale pores — Selective CO2 transport over N2
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Carbon 2019, 153, 458 Science Advances 2021, 7, eabf0116 Patent Application W0O2020/011892A1
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Simple scalable
chemistry for
Introducing CO2-
Sized pores In
graphene

Pores are formed by
flowing ozone over graphene

+ energy (heating)

That's it LA ™ 5

Huang, Villalobos, Li, Bondaz, Agrawal, Advanced Materials, 2022 (In press)




Proof-of-principle
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= P~ L Attractive performance of graphene membrane for postcombustion capture .

Laboratory of Advanced Separation:
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Energy Environ. Sci., 2019, 12, 3305-3312
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= P ~L Rapid advance in the scale-up of the technology in last four years

Laboratory of Advanced Separation:

|\/||II|n(12e(t)elr8§0ale Centimeter scale Meter scale (10 kg CO2/day)

(2021) (Ongoing)

Support

Membrane

Nature Communications 2018, 9, 2632 _ i
Science Advances 2019, 5, eaav1851 JOl'JrnaI of Membrane Science 2021, 618, 118745 :
Carbon 2019, 153, 458—466. Science Advances 2021, 7, eabf0116 CANTON DU VALAIS
Journal of Membrane Science 2020, 612, 118406. ACS Nano 2021, 15, 13230 KANTON WALLIS
Ind. Eng. Chem. Res, 2021, 60, 16100 ‘
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Large area
graphene
on low-cost Cu
foll by CVD

Reduction In cost of
the material by 100-
fold
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