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Who are you? Why purify hydrogen? What do you already know?
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Molecular separations are critically
important and very energy intensive

The major industrial separation
technologies (e.g. distillation) account
for 10 — 15% of global energy
consumption

At the most fundamental level, to
separate two molecules we exploit
some difference in properties

Many differences are available (what
are some?)
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Introduction to molecular separations
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m Classic and most widely used
separation exploits a difference in
volatility

m Fractionation of complex hydrocarbon
mixture yields a range of different
products ranging from
high-boiling-point (e.g. bitumen) to
low-boiling-point (light gases)

m Heating energy required in the
reboiler, cooling required in the
condenser

Introduction to molecular separations
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Introduction to molecular separations
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Introduction to molecular separations
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We usually think of distillation in the context of liquid separations, but can we also use
distillation to separate gases?
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Introduction to molecular separations
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Pressure swing adsorption
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m Fundamental principle is differential

10
adsorption of gases on solid sorbents T co,
k™3 co
m In the simplest sense, adsorber vessels e ey
— r ;]
are pressurised and depressurised 3
: : 5
m Design, selection of sorbents, | H,
equipment selection and operating 5
" . £
strategy critically important < o1
0.1 1 10 100

m Figure shows adsorption of light gases
on Zeolite 5A at 299 K
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Pressure swing adsorption
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In reality the flowsheet for hydrogen PSA systems is very complex - this is the UOP
Polybed PSA process.
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Pressure swing adsorption
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Operation strategies have been extensively simulated and in general, are extremely
complex. However the key point is that highly pure hydrogen at good recoveries is

possible with PSA systems, for a variety of different feed gas compositions.
AD DPE1DPE2DPE3 PP BD PU PPE3 ID1 PPE2 ID2 PPE1 PR

 —

NA00000000000

BEI STEP
1 AD Ptlil}l‘tliu}‘ts PP BD PU PPE3| ID1 |PPEZ 1D2 (PPE1 PR
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Fig. 6 — Step configuration of a 6-bed H, PSA cycle with 3 isati and 1 ing bed (AD ion, DPE
isi) ID idle, PP providing purge, BD n, PU purge, PPE pressurising pressure

equalisation, PR pressurisation; tap = teyae/6; tep = teu = ter = teyee/9; tap = tore = tepe = tip = teyae/18) [97].
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Membrane separations
©0000

Membrane separation exploits
materials with selective separation
properties to purify a gas mixture
Different mechanisms and materials
exist

When we talk about membranes for
hydrogen purification, we need to
consider the feed gas mixture

One example (H2/CO2) shows that
hydrogen can be purified in the
retentate OR the permeate

a
Feed Retentate
(H,-CO, mixture) @ ¢ " ° L .' (CO, enrichment)
o.0
Permeate
(H, purification)
Feed Retentate
(H,-CO, mixture) g. - ¢ @ ¢ W,purification)
° ° ° ‘
=)

Permeate
(CO, enrichment)
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Membrane separations
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Range of different separation mechanisms in gas separation membranes.

T S o c@ .° . e . o o cg .o .
‘@, . c@. . e 9.9 . N .
ce:®°® o ‘9. 9°% o XL e 09y
oo ™ o o oo %
® lo” 24 0,0
5 s ‘N o
.’: . @ ~ .':
B R ‘ S
& o - : %
o e ® Xo ) § »
0g® @ . o Jooe " ®
0 a%. ™) @ v % e, )
I Rt I R, 25 %: 00, .'.'~.
Poiseuille Flow Knudsen Diffusion  Molecular Sieving  Capillary Condensation
o 0@ . o o .0 e o o o .
e @, * o @ . ®° D R .
ee®%e e %e ey
@, o 09
o b ;? 3
!, @f v v @ >
o 0. \i'
(R L d
@, '."*.
*'7 Y e L)
0 0L, ® 0eP:0e? 0y 09
‘99 ", .0 ‘0 -9.%9g @ ‘0o ©9¢g

Surface Diffusion

Prof. Dr. Bradley P. Ladewig

Solution-Diffusion  Facilitated Transport

University of Luxembourg

Hydrogen purification technologies



Membrane separations
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m Metal membranes, especially
palladium and palladium alloys, can
provide exceptional purity hydrogen

m Selectivity for Hy over other molecules
almost infinite

m Very high cost, except in niche
applications, not suitable

m Overall difficult to create thin,
defect-free films, maintain chemical
and thermal stability, not a

commercial success
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Membrane separations
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m Many other membrane materials have

® pai,
been proposed for Hy separations ~ = pcoy,
& B S(H,C0,),
m Inorganic membranes (sol-gel T ooy,
. z £ o reoy,
synthesis) E 2 o suco,
m Polymers, mixed-matrix membranes
m Complex porous materials including B A S R
metal-organic frameworks (MOFs), tompertrs €
. Fig. 2. Temperature dependence performance of the hydro-
cova Ient Orga nic fra meworks (CO FS) phobic membrane (M1) shown as (before), and (after), use in
and more PEMR.
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Membrane separations
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Jiirgen Caro et al. Nature Communications volume 12, Article number: 38 (2021)
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