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Introduction- Hydrogen, Ammonia, and Membranes

» Hydrogen is a high-potential energy vector for
decarbonization

* Hydrogen is difficult to store and transport
= Can be transported as ammonia

« Hydrogen from cracked ammonia will require
purification

 Membranes are desired for gas separation because
they are passive (little energy requirement)




Introduction- Pd-based Membranes

* Pd called the "hydrogen sponge”

« Can 100% selectively separate hydrogen
at high permeability

» Selectivity: How much of your permeate
is hydrogen (%)

* Permeability: How fast your hydrogen
can permeate

 Very thin membranes: transport limited
by surface effects

Mejdell, 2009 Lo
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2-10pm thick Pd, ,-Ag, .3 membranes: sputter
deposition method developed by SINTEF Industry

Commercialized by Hydrogen Mem-Tech
o Operates up to 30 bar — industrially relevant conditions

Previous work optimised lab-scale membrane
configurations, investigated effect of CO, CO,

My objective: Understand impact of ammonia
on Pd-Ag membranes
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Hydrogen Permeation Testing

* Gas mixture (H,, N,, NH;) fed to membrane
at 300-400 ° C
« Unsupported microchannel configuration

o Limits concentration polarization (mass
transfer limitations)

» Back pressure control system to maintain
pressure differential (AP = 1 bar)
* Pure H, permeate
o No sweep gas
o Purity of H, verified by microGC

* Flow of hydrogen permeate and retentate
mix measured
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Ammonia Inhibition

Ammonia Exposures 2.5%, 5% for 24h at 300C

Small inhibition of hydrogen flux through membrane |
when exposed to 5% NH; for 24h |

Lower inhibition at high temperatures
Inhibition was not removed after NH; removal

0.85 a)

2.5% NH3

o Suggests «irreversible» or not easily reversible surface
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changes N
o Adsorbed species? Segregation? *

XPS on spent membrane shows no adsorbed

species, but silver enrichment of surface from WM
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Model Systems

Pd-Ag membranes Pd, Pd-Ag catalysts Pd Pd-Ag single crystals
* Polycrystalline « Supported particles Simplest system
« Exact composition » Alloyed? « 1 facet
« Alloyed « Segregation effects « Exact composition
- Affected by segregation < High(er) surface area * Alloyed
» Low (specific) surface  Activity testing (fast) » Segregation

area * Metal-support * Low surface area
« Permeation testing interactions present

(slow) —

*this is not Pd

More complex _ More simple



To compare with single crystal studies:

Pd-Ag Supported Catalysts

PdAg/ALO,

PdAg/AlL,O; sin

——Alumina ——Pd/Alumina ——Pd/Alumina Sin H2

Pd (2 wt%) and Pd-Ag (1.5 wt% Pd, 0.5 wt% Ag) |

were synthesized on Al,O, and SiO, .

To more easily confirm alloying, catalysts were
sintered at 800°C in 10% H,, 90% N, for 17h

Characterized by N, Physisorption, CO
Chemisorption, XRD, XPS, STEM-EDS

——Alumina ——Pd-Ag/Alumina ——Pd-Ag/Alumina Sin H2

Pd-Ag
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NH, Cracking on supported Pd-Ag catalysts

Objective: to understand ammonia-driven A AN
surface effects on Pd-Ag alloys w =i
Pd (2 Wt%) Pd-Ag (1.5 Wt% Pd, 0,5% Ag), (0.5 ah—J—— wnce
wt% Pd, 1.5 wt% Ag), Ag (2 wt%) synthesized  « - - =« = « =« o .
Alloying confirmed through XRD, STEM-EDS . —
Monometallic catalyst showed moderate NH, -
cracking activity .|||. - .

o Alloying with Ag decreased activity ™

o Ag alone was virtually inactive 8 S
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Conclusions and Next Steps

 Pd-Ag membranes have high potential to purify hydrogen from ammonia
cracking

* Model systems can be helpful in understanding surface effects in
membranes

 Next steps
o CO chemisorption on catalysts to find Pd surface area and see effect of alloying

o DRIFTS (Diffuse Reflectance Infrared Spectroscopy) with CO and NH; on membranes
and catalysts to see type of bonding to surface

o In-situ characterization pending beamtime allocation
o Writing!
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Thank you!
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