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Membrane/Solvent Integrated Process
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Membrane Needs

Commercial membrane materials
- Selectivity = 40
- Permeability = 200

Less conventional membrane needed to make substantial
Improvements

- Supported liquids
- Mixed matrix membranes

Mixed matrix membranes
- Better particles (Zeolites, MOFs)
- Improved polymers



The Trouble with Mixed Matrix Membranes
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Interface

If you can’t beat ‘em, join ‘em!
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Makes use of envelopment effects which have plagued mixed matrix membranes
Diffusion phenomena determined by interactions with the particle and polymer surface
Possibility of using simple nanoparticle fillers

Advanced polymers allow an excellent starting point



Plan of Attack for Mixed Matrix Membranes

. ) ] 5-10 nm
e Use simple nanoparticle fillers

e Surface modify the particles to tune optimal interactions with CO,,
and the polymer

e« Employ an advanced polymer with good compatibility and CO,
transport properties

e Create a membrane in which diffusion phenomena are determined
by interactions with the particle and polymer surface



Polymer of Choice

Macromolecular
/ substitution
/ —N—H=—N"1>

Ultra Flexible chains Ry Ry
High chain mobility
Improved gas solubility and

diffusion
Excellent chemical and thermal
stability
C-C =607AHTf kJ/mol vs.
P-N =617 AHf kJ/mol
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Polymer Screening
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Membrane Fabrication

Crosslinkable Crosslinkable

Challenges Polymer A Polymer B

Not a film former {T\U{ N iy

Sticky

Does not have required Homogenous solution
mechanical properties

Inter penetrating network
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Gas Testing Systems and Performance Testing

Feed —>| MFC

Sweep —> MFC

- Mixed Gas Selectivities
- Testing in Presence of Moisture

- Testing in Presence of Contaminants
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Polymer Membrane Results
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Surface Functionalized Nanoparticles

CO,-phillic environment
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Interfacial Enveloped Composite Membranes

Normallized welght

b

Multiple glass transition temperature
e Multiple regions
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Membrane performance

Selectivity Permeability

(Barrer)
MEEP 62 250
MEEP-IPN 42 500
MEEP-IPN 10% 41 659
MEEP-IPN 40% 44 1609

16



CO,/N, selectivity

Membrane Performance
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Cusp of a Major Breakthrough
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Permeability Vs. Permeance

o \ s e Much Too Thick (~100 micron)

Still Too Thick (=10 micron)

Practical Membrane Thickness (~1 micron)
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