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» Why Pd membranes
> Lab-scale observations
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with hydrogen membranes
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Chemical

S stability
Objective

» Investigate the influence of CO, CO, and CH, on the H,
permeation of Pd membranes. Lab-scale investigation on
Single component can provide background information for the
Influence of WGS mixtures.

» Investigate the influence of WGS mixtures
(CO/CO,/H,O/CH,) In a bench-scale membrane setup
under near practical conditions.

H. Li etal., J. Phys. Chem. B, 112 (2008) 12182

H. Li, et al., J. Membr. Sci., 324 (2008) 95
H. Li et al., J. Membr. Sci., 299 (2007) 130
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Lab-scale

Test:
Separation of H, from CO,/H, mixtures

Equipment:
A lab-scale membrane setup

Membranes:
Pd membrane tubes (electroless plating)
supported on Al,O, substrate (glazed support)
5 cm long, 2 um thick Pd layer, sel. >2000

2011-6-27 Energy research Centre of the Netherlands www.ecn.nl



ECN

\

Test program (CO./H, separation)

Conditions:
v Temp: 250-500 °C

v 10% CO,/H,, 20% CO,/H,, 40% CO,/H,
V' Pieeg: 2-5 bar, Py, 1 bar

v Feed: 0.1 NI/min-2.5 NI/min, no sweep
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Objective

“» Examine the surface reaction on the catalytically active Pd
membrane surface during the separation of CO./H,
mixtures.

> Measure the retentate gas composition by GC

> Investigate the H, permeation flux of CO,/H, mixtures
as a function of time.

* Investigate the influence of operation parameters.

Feed flow Feed
rate pressure
Temperatur CO,
e concentration
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Main observations:
*» Possible reactions existing on membrane surface

H2
permeation

CO, + H, => CO + H,0 CO/H; B
CO, + 4H, = CH, + 2H,0 LT 1
CO, + 2H, => C + H,0
2CO — CO,+C .
CH, = C + 2H, | L

GC CO, H,0, CH,

and CO,/H,

10 2011-6-27 Energy research Centre of the Netherlands www.ecn.nl




ECN

\

Influence of feed flow rate
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Influence of feed flow rate
(@) 1.000 F ]
Carbon
0.995 | deposition

E, 0.990 |- -
3 s
= = 0.985 | -
Tz & | —=— 100 ml/min (44.0 s)
¥ 0.080 L 200 ml/min (22.0 5) ]

—e— 400 ml/min (11.0 s)
[ —— 800 ml/min (5.5 s)
0.975 - —A—1166.7 mI/min (3.5 s)
- —A— 2000 mI/min (2.0 s
0.970 A | 2 | 1 | 2 | L 1 A 1 1 | 2 | A
0 1 2 3 4 5 6 7 8 9

Time (h)
10% CO,/H, mixtures at 450 °C and 2 bar(a)

2011-6-27 Energy research Centre of the Netherlands www.ecn.nl




ECN

\

Influence of feed pressure
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Influence of feed pressure
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Influence of temperature

(a) 100 T T T T T T T T T T
80 _ [ L 88858858
60 | -
§ 40 + .
S 20 -
e 'L @ ® o—o—90—90 00 o | -
2 T T CO ~ HzO
2] L J
N
S 06 |—@—H,
~—
2 I 1—— CO
“ o4t - 2
I |—4&—CO
0.2 1—v—H,0
0.0 — " CH4
500 550 600 650 700 750 800

Temperature (K)

10% CO,/H, mixtures at 2 bar(a) and a feed flow rate of 2 NI/min

2011-6-27 Energy research Centre of the Netherlands www.ecn.nl




\

ECN

Evidence of carbon deposition

Temperature (K)

(a) 800 750 700 650 600 550 500
—~
.
120 F \H:‘:::g\ .
£ o g
Ng sk so\a\ ]
E \O\g
& 130 _m—Tnitial \ 7
= —0O—a - 77 days O
= sk ——b -85days
P —0—c -95days i
—A—d - 105 days A
_]4-0 1 " 1 1 1 " 1 L 1 N 1 1
13 14 15 16 17 1.8 1.9 2.0
1000/T (K")
Pure H,
permeance

2011-6-27

(a) 35 T T T T T T T T T
— 30
_'c

Z sl i
wn

wn

§ 20 |- .
< |

& 15} i
= !

=

20 10 F 1
w2

= sl _

0 1 1 1 1 1 1
400 600 800 1000 1200
Temperature (K)
(Temperature programmed oxidation)

Energy research Centre of the Netherlands

www.ecn.nl




—ECN

Summary:

Significant RWGS reaction and minor methane formation
was observed on the Pd membrane surface during
separation of CO,/H, mixtures, which were enhanced with
decreasing feed flow rate and increasing feed pressure,
temperature and CO, concentration.

Under certain conditions, also degradation of the membrane
performance was observed, due to carbon deposition on

the membrane surface.

\

H, CoO,

I Pd membrane
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PDU overview
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1550 cm?, 8.5 Nm?3/hr-H,

2011-6-27 Energy research Centre of the Netherlands www.ecn.nl




Metal-graphite
sealings ECN

Electroless-
plating (DICP)

>

ECN

53807 /20K *¥5:000 00 1on HD2>

WO 2005/065806 A1
Alumina tube Membrane tube WO01/63162A1, 2001
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Separation
only

3 Pd membranes

44 cm effective
length, 5.6-6.2 yum
Pd layer

316Ti reactor tubes

no catalyst
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Test program (separation of WGS mixtures)

Conditions:
v’ Temperature: 400 °C

v 4% CO, 19.2% CO,, 15.4% H,0, 1.2% CH, and 60.1% H,
V' Preeq: 20-35 bar(a), Pyem:15 bar(a)

v' Feed: 30 I/min-90 I/min, sweep: 19.57 I/min
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H, permeance remained

-7 2
stable for 23 days 8X 10" mol/m<.s.Pa

Wet syngas feed 4% CO, 19.2% CO,, 15.4% H,0,
mixture 1.2% CH, and 60.1% H,
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Main conclusions:

* Significant RWGS reactions were observed during
the separation of CO,/H, mixtures and wet syngas
mixtures respectively in a lab-scale and bench-
scale setup.

“ Under certain conditions, also degradation of the
membrane performance was observed, due to
carbon deposition on the membrane surface.
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Main conclusions:

“In the presence of steam the membrane
performance remained stable.

H,O
H, CO, /
\¢¢\8 oY

I Pd membrane

2011-6-27 Energy research Centre of the Netherlands www.ecn.nl



The Ministry of Science
and Technology of China

WWwWW.cachetcoZ2.eu WwWW.most.gov.cn/

Acknowledgement:
DICP (Dalian Institute of Chemical Physics, China) for membrane
preparation, Yvonne van Delft (ECN)

27 2011-6-27 Energy research Centre of the Netherlands www.ecn.nl


http://www.cachetco2.eu/
http://www.most.gov.cn/
http://www.most.gov.cn/

Z:

Energy research Centre of the Netherlands

Thank you for your attention

www.ecn.nl




ECN

\

8X 44 cm

Test rig Membrane reactor Test rig

H
. Permeate

P &

N2
—_—

H2
——

CO2 Feed
I

co @ » 8X
H20 1 &

Sweep

H20
v i :
4J L Membrane

R [T~cCatalyst
==) =Sample point for gas analysis v ﬂ/B/ \l/ water

1550 cm?, 8.5 Nm?3/hr-H,

Retentate

(

2011-6-27 Energy research Centre of the Netherlands www.ecn.nl




N

Pure H, permeance, separation & shift test
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DICP-proprietary method to prepare high flux Pd
membranes

Palladium
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