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Dense Metal Membranes for H, Separation

A Metals transport hydrogen e Eremurs
through a solution-diffusion o te o
mechanism (right) " Hat o
o Potential for perfect H, selectivity e
o Pressurized retentate stream o (oY

facilitates CO, sequestration
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A Palladium: high permeability oc®30
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Membrane Requirements

A Potential Technologies for H, Separation
o Pressure Swing Adsorption (PSA)
s Ceramic membranes
s Dense ceramic membranes

A Necessary characteristics
a High H, flux
a High H, purity
s Robustness and resistance to degradation by thermal cycling

a Operation in the desired temperature range (260-450 C)
o Above the dew point of the syngas but low enough to achieve
effective contaminant control

a Tolerance to all components of coal-derived synthesis gas
i Particularly to sulfur (H,S)

A Our approach is composite Pd alloy membranes
o CSM carries out film deposition and characterization
o TDA carries out membrane testing and module development
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Coal/biomass derived hydrogen, chemicals & electricity

A Advanced coal-to-hydrogen plants have the potential to co-generate power
and H, in high volumes and produce liquid fuels

A System studies show enhanced efficiency if the water-gas shift (WGS)
reaction and H, separation are combined in a single stage membrane reactor
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i Coal/biomass gasification with
water-gas shift (WGS) reaction:

CO + H,0 <> CO, + H,

u H, can be produced at
$3.98/MMBtu ($0.54/kg) in an
IGCC-based co-generation plant

i Further cost reduction to
$3.0/MMBtu if SOFCs used to
generate electricity

Continuous extraction of H, from a
membrane reactor provides
greater-than-equilibrium
conversion and high pressure
CO,-rich retentate
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why Pd Alloy Membranes?

Membranes based on pure Pd suffer
from embrittlement and cracking due to
the a—p Pd hydride phase transition (at
~300 C)

Pd alloys avoids the a—f phase
transition in pure Pd
a« Alloying eliminates swelling, warping,
cracking due to phase transitions
a Eliminates the problems associated
with thermal cycles

Some Pd alloys shows higher permeability than the pure Pd
a 27% Ag, 6% Ru, 40% Cu and Au alloys have shown to have higher
fluxes than pure Pd membranes

Additional benefits of alloying
s Reduced cost (depending on the selected component)
« H,Sresistance
i Dlmen5|onal stability (small degree of swelling or H, embrittlement)
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Pd Alloy Films on Porous Metal Supports

Porous steel supports have increased

robustness over ceramic supports

It Is easy to incorporate metal
supported membranes into modules
o Welding or brazing
o Attach using standard compression
fittings and graphite ferrules

Elimination of ceramic-metal joints
minimizes leaks

Issues that were addressed:

s Reduced surface roughness
i Thinner Pd films are required
i Cheaper to make
i Higher flux

a  Metallic inter-diffusion
i Prevent the formation of a less

permeable Pd alloy

i Long term flux stability

Membrane used in methanol
reformer; ~15 cm?. Pd-alloy
membrane on porous yttria-
stabilized zirconia stainless steel
membrane (Pall AccuSep
membranes) with stainless steel
compression fittings. Top
membrane is as-plated, bottom
membrane shows appearance

after testing. . TDA
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Fabrication of Supported Pd-Au Membranes
Using Sequential Electroless Plating

A Top support as received
Pall AccuSep membranes

Coated with porous ZrO,
diffusion barrier

A 2nd from top activated with
palladium acetate
A Support is then oxidized and

reduced to leave Pd
nanocrystallites on surface

A 3rd from top Pd plated

A Carbon-free electroless plating
bath produces higher
permeability, greater CO
tolerance

A 4th from top Au plated

Electroless plating allows membranes to be
produced on any appropriately activated
O. Hatlevik et al. Sep. Purif. Tech. 2009 porous material, creating films with high flux

as well as high mechanical strength
8 TDA
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Membrane Testing System
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