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Membranes for carbon capture N=

TL

I Challenge: Need to process large amount of gases with low available driving force
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Selection of membrane materials
Permeability (flux)
Selectivity
Processability
Mechanical Properties
Chemical/thermal stability
Long term performance

Goals for membrane performance to be economically practical
Permeance of >1,000 GPU
CO,/N, selectivity of >30
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Enhancing the polymeric membrane gas transport prope
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Developed high performance polymeric membranes at NETL N = [NTIONAL
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High performance porous fillers to enhance polymer properties N = |NATIONAL
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Selection criteria
* Good interaction with the polymer
e Optimum CO, heat of sorption, pore size.
Ui0-66 SIFSIX-NETL BILP-101
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Surface functionalized to Developed to make MMM Synt_he5|zed to improve
engineer the interface with polyphospazenes properties of porous polymers
properties
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Better way to select the MOFs using molecular simulations  [N=|NATIONAL
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Screening of MOF materials using high throughput tools
Measure the true permeability of MOFs is a challenge.
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Engineered the materials to optimize the interface structure N = [NATIONAL
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Enhancement of polymer properties using MMM N = [NATIONAL
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Robeson upper bound
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We need thinner films of these high performance polymers to

cm? -sec-cm Hg /

Permeablllty is independent of thickness Permeance changes with thickness
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Thin film coating on porous hollow fiber supports is challenging N = [NTIONAL
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Fiber support with optimum Polymers with good gas transport
pore size and density properties and mechanical properties
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4 Good interaction between 3
support and selective layer < 100 nm particles
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Structural properties of porous supports are critical for thin
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Optimum wall thickness
and bore diameter

| Higher surface pore density
| with optimum pore size

Fiber support should have at least an order of magnitude higher gas fluxes compared to selective layer flux in
order to avoid the mass transfer problems.
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High performance, flexible and durable membranes were fabricated |[N=|NATIONAL
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Gel-like Polymer Low tack, weak, transparent NETL onmer -2,
no tack, tough, good flexibility

Additives

Glassy,

NETL Polymer 3,
brittle polymer

strong and flexible polymer
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Nano-size MOFs are critical to thin film coating N = |NATIONAL
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UiO-66
Zr MOF, size
~100-200 nm

SIFSIX-NETL
Cu MOF
size ~200-300 nm

SIFSIX-2Cui
Cu MOF,
size ~100-200 nm
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Coating techniques used for formation of thin films

Spray coating Dip coating

= A N | : 1 : Programmable hollow fiber dip coater

dipping wet layer formation solvent evaporation

Deposited film

Gelation
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hindered by Surfacg] —substrate Polymer concentration, single vs double
coating, draw speed
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Effect of polymer concentration on film thickness N
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As the polymer concentration decreases, the
thickness of the film decreased. At 1 wt%,
thickness of the film is ~ 200 nm
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What is the minimum thickness needed for in-house developed

i > N=|NaronaL
membranes to achieve goals? = [ENERGY
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Thickness needed for high performance NETL polymer-3 is ~ 750 nm to achieve 4000 GPU
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Long term stability of these high performance materials with simulated
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Developed a capability at NETL to test the
membranes with simulated flue gas conditions { II\IIE'II'LIPclonImIerIZI 'm'm'p;i; ;0;5 sccm' B —
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Skid for testing lab scale flat sheet
and hollow fiber membranes at NCCC
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Developed high
100 | performance polymers

Fabricated porous hollow fiber support
with desired structural properties

., _NETL Polymer 3
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CO,/N, selectivity
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Thin films were coated on support
and defect needs to be mitigated.
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e Skid for testing lab scale flat sheet
systematically matched and hollow fiber membranes at NCCC

the properties of
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