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Centralized, Distributed)

o The proceedings of the National Hydrogen Energy Roadmap Workshop
identify improved separation and purification methods and materials as
one of the most critical crosscutting technologies required to achieve the
vision of a hydrogen economy.

> Alternative technologies (PSA, TSA, amine scrubbing, cryogenic
separation) have drawbacks

Energy intensive

Produce CO, at atmospheric pressure

Low temperature processes

Can be high maintenance and cost compared to membrane technology

% But are in Short Supply - Materials

> Existing membrane materials have limiting temperatures, selectivity,
productivity, chemical resistance, material properties
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Stated DOE Need for Membranes *

Production and Delivery: Conduct research on
lowering cost of distributed H, production from
natural gas including membranes

Advanced shift and separations technologies
including membranes for producing H, from coal

RD&D to integrate carbon capture and
sequestration technologies into fossil based
production systems

FutureGen: Emission free, coal fired electricity and
H, production

* Hydrogen Posture Plan DOE February 2004
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Department of Energy, Office of Fossil Energy
Carbon Sequestration Program -
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Objective

Produce a high temperature membrane
and module capable of operation at
temperatures significantly higher than
150 °C and industrially relevant
conditions.

Temperature Stability
Chemical Stability

Industrially Attractive Separation
Characteristics

7 e
L
» Los Alamos




High T, Polymeric Membranes

4, Commercially available polymer membranes
are limited to 150 “C operating temperature

» Economic advantages of membrane separations
are strongly tied to process/separation temperature

1, Tradeoff between selectivity

and productivity has proven
difficult to overcome >
cn | & mochanica] S \ -
4 emical & mechanica 3]
g oy ot = ?\\\\\\\\
stability and durability I3 \_4-,
are often elusive .

Throughput
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Approach

Begin with High T, polymer

(polybenzimidazole (PBI)) e E _
|

> Chemically resistant

L n

> Processable

Modity via functionalization, blending,
crosslinking, 2nd phase additions and
combinations thereof

> Modifty membrane selectivity, productivity,

processability, chemical resistivity, etc.

Use specially designed porous metal
substrates to provide mechanical support
for the polymer film

Develop tools for predicting long-term membrane
erformance and insights regarding optimization
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characteristics demonstratec

- Minimization of Defect Free
Film Apparent Thickness

> Membrane thickness continues to
be optimized
(100+ pm — <7 pum — <2 um)

> A >40 % reduction in apparent
thickness has been realized over
the first single tube module tested

> A > five-fold germeance increase
was realized during single tube
module testing as a result of

PBI coated AccuSep® medi 9 . O 0 €.
tube courtesy of Pall Corp ; thickness optimization efforts

eﬁ)s Alamos -




LANL Testing Capabilities

Y Gas Separations of Industrially Relevant Feedstocks
at Industrially Relevant Temperatures

Membrane Testing Capabilities Over a Broad Temperature Range
(ambient - 1000 °C)

Single Gas Testing (pressure rise and pressure decay)
Multi/Mixed Gas (flow through system)

Experimental testing on various size thin film disk and tubular
membrane modules

Testing of Industrially Relevant Feed
Streams (Inert, Flammable and Toxic gas
capability - e.g., H,, CO,, CH,, N,, CO and H,S)

Fixturing for broad range of membrane
materials (e.g., polymers, metals, ceramics)
over a wide temperature range
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Permeance,
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Selectivity vs. Permeability: H,/CO,

| | IIIIIII I | IIIIIII | | IIIIIII | | IIIIIII || I IIIIIII || LI
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107 E = PBI (250 °C) 3
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o : .
H,/CO, _ 0. i
1.0 [ =
0.10 1 1 IIIIIII [ 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 I.IIIIIII 1 L_L Lilll
10 * 10" 10° 10’ 102 10° 10°
H, Permeability [Barrer] 04-GA50008-109-01

We have demonstrated improved selectivity over
the state-of-the-art while operating at industrially

1 barrer = 1010 Cm3-cm/s-cm2-cmHg attractive conditions

/n' From J. Membr. Sci. 62, L.M. Robeson, Correlation of Separation
) Factor Versus Permeability for Polymeric Membranes, 1991.
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Laser
Welded
Elements

» Los Alamos




./lj
Lo

T a— ST

Industrial Scale Module Design
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AccuSep Tubes Welded into module for
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Significant Accomplishments

Successful fabrication of PBI polymer-metal composite
membranes

Hiﬁhest demonstrated operating temperature (400 °C) of
polymer-based membrane with permeabilities and
selectivities of interest

Successfully coating tubular metal supports for
implementation in a module

Modification of PBI to obtain polymers that are readily
soluble in common solvents and to manipulate material
properties

First-ever simultaneous §as permeation - creep
measurement at elevated temperature

This work has led to several patent applications and has
demonstrated promise for future commercialization as
evinced by PalFCorporation’s continued and ever increasing
participation.
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> Full scale manufacturing process for thin films not yet
established

© Process Design for Industrial CO, Separation

> Variation in membrane properties over time to be
determined

> Optimized process design / performance to be
determined based on “final” membrane properties

> Incorporation into pilot unit for “in plant” testing
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Collaborators

Pall Corporation
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Los Alamos National Laboratory is operated by the University of California for the United

States DOE under Contract W-7405-ENG-36. This document has been designated LA-
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