\ & |
' \ gwaptg&néonfor Industry Impact
MTR Pilot Support: Modeling Framework Capturing
Non-ldealities in Membrane Module Performance

Glenn Lipscomb
University of Toledo
Toledo, OH

DOE NETL’s 2020 FE R&D Virtual Project Review Meeting — Carbon Capture
October 6, 2020

‘ ’ N NATIONAL = i - hg‘a'g%';ff_;-ggg{'oﬁ;e A 7 WestVirginiaUniversity. .. ...
C C S I [T |Esmooey f"% OAK RIDGE LS%AIamos acific . EpjusiveRsiTYOR TEXAS
\ LABORATORY gy % ““““““ SR 'NOTRE DAME \
' National Laboratory




AGENDA

 Motivation
* |deal Module Performance
« Source of Non-idealities

|dentifying Non-ideal Performance
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Desalination

Nitrogen production

Solvent nano-filtration (oil dewaxing)

Pervaporative dehydration (oil/lubricant dewatering)

Lipscomb and Giraud, Encyclopedia of Sustainable Technologies, 2017
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Membrane and Module Manufacture
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Formation of
hollow fiber or
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and assembly into
modules

Pre/Post Treatment

|dentification of
needs for pre and
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treatment to
increase lifetime
and deliver desired
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MEMBRANE PROCESS EVOLUTION
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MEMBRANE PROCESS EVOLUTION
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“Ideal” countercurrent assumption
— same for hollow fiber and sheet
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performance observed —
simulation requires model development
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MEMBRANE CARBON CAPTURE

e Air feed sweep system (MTR p
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IDEAL PROCESS OPTIMIZATION

2, boiler drops from 0.18 to 0.179
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Che Mat and Lipscomb, 2017, 2019

Recovery drops from 20% to 9%,
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REAL MODULE (HF) PERFORMANCE
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e Thermal
* Flow distribution
» Spacer design
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FLOW DISTRIBUTION EFFECTS

* Tubesheet imperfections

— Flow between shell and lumen
* Fluid distribution into lumen

— Header distribution

— Flow within fibers (fiber property variation)

* Fluid distribution into shell
— Header distribution
— Flow within bundle
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EFFECT OF FIBER PROPERTY VARIATIONS
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J. Lemanski and G. G. Lipscomb, J. Membrane Sci. 167 (2000) 241-252.
B. Liu, G. G. Lipscomb, and J. A. Jensvold, AIChEJ 47 (2001) 2206-2219.
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EFFECT OF FIBER PROPERTY VARIATIONS

Courtesy of AKZO Nohel

http://www.fibersource.com/f-tutor/techpag.htm
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EFFECT OF FIBER PROPERTY VARIATIONS

e Gaussian distribution:

e Average flow
— Gauss-Hermite approx.

e Retentate/Permeate mass balances
e Pressure drop

e Boundary conditions

— Inlet
— OQutlet
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e For given AP, determine flow in each fiber that gives same AP
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RETENTATE RECOVERY
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Retentate Recovery = R/F
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MODULE PRODUCTIVITY
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EXPERIMENTAL OBSERVATIONS

e Generon, Model 210
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EXPERIMENTAL OBSERVATIONS
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EXPERIMENTAL OBSERVATIONS
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EXPERIMENTAL OBSERVATIONS
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OXYGEN PRODUCTION

e Permea, Inc., Model PPA-22AD
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FIBER SIZE DISTRIBUTION

0.9 210 micron +/- 14.3 (6.8%)
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EXPERIMENTAL OBSERVATIONS
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CONCLUSIONS
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* Process development typically with ideal module models — real module

performance may differ

e For HF modules:

— Fiber variations are detrimental to performance: ID variations have

greatest effect

— Staging can dramatically improve performance
— Similar behavior for permeate or retentate product

e Simulation can be used to establish manufacturing QC guidelines

e Additional efforts to advance module simulation ...
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ON GOING WORK
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« Effect of fiber variability for multicomponent streams
* Flow distribution from header
» Effect of porous support
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CCSI

Carbon Capture Simulation for Industry Impact

For more information
https://www.acceleratecarboncapture.orq/

glenn.lipscomb@utoledo.edu
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