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SINTEF two-step composite membrane preparation
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Preparation of 2 m thick Pd-alloy films and membranes



Performance testing

Single gas permeation
Function of pressure

H,/N, or H,/CH,/CO,/CO mixtures

Function of pressure, concentration
Complete WGS mixtures

Long-term stability testing

Gas & pressure cycling
Continuous operation
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Membrane perform

ance

Pure H, flux and H,/N, permselectivity

Flux @ 26 bars: 2477 mL-cm=2-min-!
16.93 mol-m-2.s-1

26

Permselectivity @

—p DP =25 bar: 2800

6.8:10°
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7.8-10°

1.0-10°

1.4-10°

T =400°C




Long-term stability — T cycling in N,
H, permeance over 30 days — dP = 2 bar

T =400°C

400°C ® 150°C ® 400°C

Continuous Temperature
operation cycling in N,




Long-term stability — continuous operation

H, and N, flux over 150 days — P4 = 10 bar

e H, permeance ~ 3-10°

mol-m2.s1.pal

\

ﬁ
H,/N,~ 1000

Fxn, = Fy, =200 NmL-min-t
2 2
F, =100 NmL-min-t

P, (initial) = 1.7-10° mol-m-2.s'1.Pa1 (400°C)
P, (150 days) = 2.7-10° mol-m-2-s'1.Pa1 (325°C)

Stable performance for 150 days = 3600 hours

A membrane life time of several (2-5) years (T 400°C) is assessed



Effect of WGS-related gases

EU-Grace study: sequential non-integrated design proposed for
capturing CO, at a UK refinery site for hydrogen fuel production

shift reactor

WGS 1-3

OO0

membrane modules
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Effect of WGS-related gases

EU-Grace study: development of a process incorporating
membrane reaction for hydrogen fuel production

H, 60.2 30 10
CO, 19.2 40.5 60
H,O 15.4 25 25.5
CO 4 2 2
CH, 1.2 2.5 2.5

retentate



Effect of WGS-related gases

H, flux and permeance in WGS 1-3 and H,/N,

0 Pieeg = 20 bars, T = 400°C, V,,.4 = 5 NL-min-t

H, concentration % 97.5 50 55 28 10
H, flux mL-cm-2-min-t 675 208 110 52 15
H, permeance |mol-m?.st.Pall 2.8.10° | 1.6-10° | 6.9-107 | 6.5-107 | 5.9-107

» factor 5 less

<

Hydrogen flux obtained in mixtures decreased due to ...

Hydrogen dilution by the other components

Depletion of the feed along length of reactor

Build-up of a hydrogen-depleted layer adjacent to the membrane surface
Competetive adsorption of other components on membrane surface
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Membrane performance
Long-term stability in WGS conditions (T = 400°C, P = 26 bars)

H, | 57.5
co, | 18.7
H,0 | 18.7
co | 38
CH, | 1.2

Peters T, Stange M, Klette H, Bredesen R;
“High pressure performance of thin Pd-23%Ag/Stainless Steel composite membranes in Water Gas Shift gas mixtures;
influence of dilution, mass transfer and surface effects on the hydrogen flux”, Journal of Membrane Science, In Press.
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Membrane appearance after testing
Gas and pressure cycling (400 h)

[

TEM — membrane used in WGS and H,/N, for 500 h

No significant topographic changes
No surface roughening
But, grain growth near feed
Recrystallisation of grains?
Stress relaxation: Ag segregation

microstructure of the samples: feed side
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Conclusions

Thin Pd-Ag membranes (2 nm) have been manufactured using
magnetron sputtering. The films have been applied on porous stainless
steel tubes (PSS®)

Membrane performance:
H, flux up to 2477 mL-cm-2-min-tat dP = 25 bar (400°C)
H, permeances between 3-106 - 2.10> mol-m-2-s-1-Palin pure H,
Low pressure H,/N, permselectivity > 7500
Maximum H,/N, permselectivity at dP = 25 bar of 3000 (400°C)
H, permeances up to 8-:10-7 mol-m-~2-s-1-Pal in WGS

A membrane life time of several (2-5) years (T 400°C) is assessed based
on long-term stability tests over 150 days

Performance of the Pd-alloy membranes is higher than performance
criteria for application in WGS-MR and SR-MR: promising alternative to
be applied in power generation cycles with CO,, capture



