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Project Summary 
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Development and demonstration of an innovative 
polymer-based membrane separation technology 

aimed at improving the economics and performance 
of hydrogen separation and carbon capture from 
synthesis (syn) gas, enabling more-efficient and 

cleaner energy production from coal. 

Overarching 
Objective 
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Å CO2 produced at higher pressure  
(reduced compression costs) 

Å Impurity tolerant ς Broadly applicable  
to all syngas feedstocks 

Å Reduced footprint (Retrofit considerations) 

Å Lower parasitic load 

Å Process temperature matching (Warm fuel gas) 

Å Emission free, i.e. no hazardous chemical use 

Å Decreased capital costs  

Å Continuous facile operation (passive process) 

Å Low maintenance 

Project Overview: Technology Benefits 

Membrane Advantages: 

Process 

Areas 

Targeted: 

Membrane 

Separations 
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Technology Challenges & Opportunities 

è Commercial polymer membranes and module 
manufacture/sealing technologies are limited to Toperation ~150 ̄C.  
ü Separation process economics are strongly tied to process/separation temperature.  

èMembrane materials and systems capable of withstanding IGCC 
syngas process conditions are required.  
ü Syngas temperatures (>200 ̄C) and compositions, including H2S and steam, present a 

very challenging operating environment for any separation system.  

è Large process gas volumes mandate high membrane permeance.  
ü High permeance membranes are achieved via appropriate materials design/selection 

combined with minimization of the membrane selective layer thickness. 

ü Thinner selective layers often result in increased defect formation during fabrication. 

ü Defect mitigation strategies/sealing materials utilized for current commercial gas 
separation membranes are not compatible with the thermal and/or chemical 
environments present in this application.  

ü Thermally and chemically robust defect mitigation strategies must be developed to 
retain the required membrane selectivity characteristics. 
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Background: PBI Membranes 

ü PBI-based membranes have commercially 
attractive H2/CO2 selectivity, exceptional 
thermal stability (Tg > 400 ̄C), and exhibit 
tolerance to steam and H2S.  

ü Broad PBI Toperation (150 to 300+ ̄C) indicates 
potential for PBI-based membrane module 
integration at IGCC relevant process 
conditions.  

ü The H2 permeability of the  
state-of-the-art PBI-based membrane 
materials mandates ultra-thin  
selective layers. 

ü Economic considerations 
mandate use of a high surface  
area membrane deployment  
platform such as hollow fibers (HFs). 

N

NN

N

n

H

H

Li, J Membrane Sci 461(2014) 

Berchtold, J Membrane Sci 415 (2012) 

Pesiri, J Membrane Sci 415 (2003) 

m-PBI 

hundreds of cm2 

Hundreds of m2 

~250 m2/m3  

@ 75% packing density 

2Kï20K+ m2/m3  

@ ¢¢75% packing density 

High Area Density Hollow Fiber Platform  
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Project Overview 

èObjectives 

üRealize high performance PBI-based HF membranes for 
pre-combustion hydrogen separation/carbon capture  

¸ Minimize membrane support costs, maximize membrane flux, retain 
thermo-mechanical & thermo-chemical stability characteristics, and 
increase the area density achievable in a commercial module design 

¸ Produce an asymmetric PBI HF comprised of a thin, dense defect-
minimized PBI selective layer and an open, porous underlying support 
structure with morphology characteristics tailored to optimize 
transport and mechanical property requirements (use and lifetime).  

¸ Develop materials and methods to further mitigate defects in ultra-
thin selective layers for use under process relevant conditions. 

¸ Reduce perceived technical risks of utilizing a polymeric membrane 
based technology in challenging (thermal, chemical, mechanical) 
syngas environments 
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èHollow Fiber Fabrication 
üPBI-based high area density, high permeance 

membrane development 

èSealing Layer Development & Integration 
üMembrane defect mitigation materials and methods 

development 

èModule Fabrication 
üSingle and multi-fiber membrane module fabrication 
üCFD utilization to guide module design and aid in 

membrane and module performance validation (with 
NETL) 

èDemonstration and Validation of Developed 
Materials and Methods 

Project Focus Areas: Tasks 
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Hollow Fiber Fabrication  

PBI-based material, morphology & 
High area density membrane 

development 

Goal:  Minimize gas resistance of 
support:   

Achieve porous support structure with 
interconnected pores  

Goal:  Achieve thermo -mechanical 
properties sufficient for handling 

and use 
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ü High membrane surface area platform 
¸ The H2 permeability of the state-of-the-art PBI-based membrane materials mandates ultra-thin 

selective layers and high surface area membrane deployment platforms 

ü Developed methods for PBI hollow fiber membrane with high H2 permeance and 
H2/CO2 selectivity for syngas separations  

Polybenzimidazole Hollow Fiber Fabrication 

m-PBI 
Commercially available 

Fiber Diameter:  200 to 500 µm 

SL Thickness:    150 to 500 nm 

Defect 

Sealing Layer 

Defects:  

Knudsen Flow 

Selective 

Layer 

Porous  

Support layer 

Solvent 

Exchange 

& Drying 

Post-treatment 

& Seal Layer 

Deposition 

¸ Controlling liquid-liquid 
demixing based phase 
inversion process for PBI 
hollow fiber membrane 
fabrication 

¸ In-situ formation of an 
integrally skinned hollow 
fiber using commercially 
available PBI material 

¸ Defect mitigation by 
thermally and chemically 
tolerant seal layer material 
and deposition technique 
development (All presented 
membrane  performance 
data is for HFs comprising 
an integrated seal layer) 
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Components of an Asymmetric HF 

Bulk 
Support Porous 

Inner  
Surface 

Selective  
(Thin Dense)  
Outer Surface 

The support structure/ 
morphology MUST be tailored 
to optimize mechanical AND 

transport properties 

Macrovoid free 

porous support 

structure optimized 

for minimized gas 

transport resistance 

and high mechanical 

strength 

Spinning process optimized to obtain high performance PBI HF membranes 

Optimized spinning parameters 

to minimize nearly defect-free 

selective layer thickness for high 

permeance and selectivity 


