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1. Disclaimer of Endorsement:

The posting herein of progress reports and final reports provided to TCEQ by its NTRD Grant
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favoring by TCEQ or the State of Texas. The views and opinions expressed in said reports do not
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warranty, express or implied, including the warranties of merchantability and fitness for a particular
purpose, and such entities do not assume any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information,apparatus, product, or process disclosed, or represent
that its use would not infringe privately owned rights.
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Section I.  Accomplishments  (Please provide a bulleted list of project accomplishments as well as a 
description of their importance to the project.) 
 
PROJECT OBJECTIVES 
 
 The overall objective of this project is to develop cost-effective, high-temperature gas separation 
membranes for producing inexpensive, high-purity hydrogen (H2) from synthesis gas generated by steam 
reforming or gasification of fossil fuels.  The two specific technical objectives of the project are: 
 
(i) To develop polymeric and/or polymer-based nanocomposite membranes with high H2 permeability, 

high H2/carbon monoxide (CO) and H2/carbon dioxide (CO2) selectivities, and high thermal stability 
up to 250-300 °C. 

 
(ii) To demonstrate the technical and economic feasibility of using such membranes for producing 

low-cost fuel-cell-quality H2 from synthesis gas streams. 
 
PROJECT ACTIVITIES AND STATUS 
 
 The Grant Activities for the project consist of seven (7) tasks.  The project accomplishments 
during this report period are summarized in the bulleted list below. 
 

UT 
 
• Nickel Filled Ultem®  1000 Preparation:  Sample films have been prepared consisting of Ultem®  

1000 filled with Nickel catalysts provide to UT by RTI.  (Project Task 1) 
 

RTI 
 
• Membrane Permeation Testing:  The permeation properties of the second tubular PBI 

(polybenzimidazole) composite membrane module from Pall Corporation were measured with 
pure H2 and CO2 and a three-component syngas mixture as a function of feed pressure up to 
300 psig at 100 °C.  (Project Task 2) 

 
• Integrated System Process Design:  Work began on establishing baseline process parameters for 

a hydrogen fuel production scheme.  Identification of such parameters is important because it will 
provide a better understanding of conditions and needs for a practical hydrogen production 
process and help to determine how best to integrate the new membrane-based hydrogen 
separation technology into the overall design of a hydrogen production system.  (Project Task 5) 



 
 
Specific results and details of this period’s project activities are discussed on a task-by-task basis below. 
 
 
Indicate which part of the Grant Activities as defined in the grant agreement, the above 
accomplishments are related to: 
 
 
TASK 1:  Prepare High-Temperature Membranes 
 
UT 
 New membranes have been prepared consisting of Ultem® 1000 filled with Ni catalyst 
nanoparticles provided to UT by RTI.  The loadings of these films varied from 2.5 volume percent Ni to 7.5 
volume percent.  The highest particle loading did not produce films conducive for permeation experiments 
as they had visible trans-membrane defects.  However, the lower loading sample was appropriate for 
permeation experiments. 
 
RTI 
 

No significant activities occurred for this task at RTI during this report period. 
 
 
TASK 2:  Evaluate Membrane Permeation Properties 
 
UT 
 Permeation properties for Ni filled Ultem®  1000 are still in progress and will be reported once a 
full set of experiments are completed. 
  
 
RTI 
 
 Last month, the pure- and mixed-gas permeation properties of the second tubular PBI composite 
membrane module (apparent PBI layer thickness ~ 0.65 µm; effective membrane area ~ 28.4 cm2) made 
by Pall Corporation had been determined at 20 °C as a function of feed pressure.  This period, the 
permeation properties of this module were determined with pure H2 and CO2 and the ternary syngas 
mixture (36.8% H2, 12.5% CO2, and 50.7% CO) as a function of feed pressure up to 300 psig at 100 °C. 
 

Figure 1 summarizes the pure- and mixed-gas permeation data collected on PBI Module #2 at 
100 °C.  The mixture H2/CO selectivity displays a strong dependence on feed pressure and decreases 
from ~50 at 100 psig to 34.5 at 300 psig.  This selectivity decline is a result of the CO permeability 
increasing more quickly than the H2 permeability with increasing feed pressure.  In contrast, the H2/CO2 
selectivity shows much less pressure dependence.  As shown in Figure 1b, the mixture H2/CO2 selectivity 
of 16-17 is a little lower than the ideal (pure-gas) selectivity value of roughly 18–20 mainly because the 
CO2 permeability measured under syngas mixture conditions is a little higher than that obtained under a 
pure-gas environment.  The H2 permeability stays fairly constant over the experimental pressure range, 
having essentially the same value (1.1-1.2 barrers) under pure-gas and syngas mixture test conditions.  
Compared to the 20 °C results reported last month, the selectivities relative to H2 (i.e., H2/CO and 
H2/CO2) are much higher at 100 °C.  Hence, on the basis of these two sets of temperature data, raising 
temperature appears to improve the hydrogen separation properties of PBI.  Next month, separation 
performance evaluation of the PBI module will continue at different feed pressures and at higher 
temperatures of 150 °C and above. 
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Figure 1. Effect of feed pressure on (a) pure-gas and mixed-gas permeabilities and (b) pure-
gas and mixed-gas selectivities at 100 °C for tubular, AccuSep-supported, PBI 
membrane module #2 from Pall Corporation.  Gas mixture used was an industrially 
representative ternary syngas of 36.8% H2, 12.5% CO2, and 50.7% CO.  Permeate 
pressure = 0 psig; Downstream He sweep rate = 20 cm3/min.  1 barrer ≡ 
10-10 cm3(STP)·cm/(cm2·s·cmHg). 

 
 
TASK 3:  Evaluate Membrane Reactor Properties 
 
RTI 
 
 This task has not yet started at RTI because, thus far, PBI nanocomposite membranes doped 
with catalytic nanoparticles active for water-gas-shift or hydrogenation have not stayed defect-free long 
enough to warrant evaluation of their membrane reactor properties. 
 
 
TASK 4:  Characterize Thermal and Morphological Properties of Membranes 
 
UT 
 
 Final, preparation of digital scanning calorimeter have been made and equipment is anticipated to 
be running by March 22.  Thermal characterization of the films produced to data will be conducted once 
the DSC is operational. 
 
RTI 
 

No significant activities occurred for this task at RTI during this report period. 
 
 
TASK 5:  Prepare Integrated System Process Design 
 
RTI 
 
 Work started on establishing baseline process parameters (e.g., pressure, temperature, product 
purity, product flow rate, etc.) for a conventional hydrogen fuel production process.  These parameters will 
be used to guide the design of an overall hydrogen production scheme that incorporates a new 
high-temperature membrane separation step for hydrogen purification.  Design of the membrane-based 
process will be based on the gas permeation results obtained in Task 2. 
 



 
TASK 6:  Perform Technical and Economic Analysis/Develop Commercialization Strategy 
 
RTI 
 
 This task has not yet started. 
 
 
TASK 7:  Manage Project/Prepare Reports 
 
UT/RTI 
 
 The thirteenth monthly project report was prepared. 
 
 
Section II: Problems/Solutions 
 

Problem(s) Identified 
 
(Please report anticipated or 
unanticipated problem(s) encountered 
and its effect on the progress of the 
project) 

UT 
 
No major problems were encountered this period. 
 
RTI 
 
No major problems were encountered this period. 

Proposed Solution(s) 
 
(Please report any possible solution(s) 
to the problem(s) that were 
considered/encountered) 

UT 
 
N/A this period. 
 
RTI 
 
N/A this period. 

Action(s) Conducted and 
Results 
 
(Please describe the action(s) taken to 
resolve the problem(s) and its effect) 

UT 
 
N/A this period. 
 
RTI 
 
N/A this period. 

 
 



Section III.  Goals and Issues for Succeeding Period: (Please provide a brief description of 
the goal(s) you hope to realize in the coming period and identify any notable challenges that can be 
foreseen) 
 
UT 
 Characterize gas transport in Ni filled Ultem®  1000 samples and characterize thermal properties 
of filled Ultem®  1000 and filled PBI films. 
  
 
RTI 
 
 Next month, to completely characterize its permeability/selectivity behavior, permeation studies 
on the second tubular, AccuSep®-supported PBI module from Pall Corporation will continue with pure 
gases and a syngas mixture as a function of feed pressure at temperatures of 150 °C and higher.  
Preparation of a process design integrating a high-temperature membrane separation step will also 
continue. 
 

 

                                                                                          .              Date:    March 20, 2006                . 
Authorized Project Representative's Signature 
 
NOTE: Please attach any additional information that you feel should be a part of your report or that may 
be required to meet the deliverable requirements for tasks completed during this reporting period. 
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