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Pollutioniand Climate Change

Average concentration of CO , in the Earth’s
atmosphere has risen from 280 to 370 ppm since
mid 19t century.

Burning Fossil fuels is responsible for 75% of
human emissions.

Average temperatures in Australia increased by
0.7C in the 20 ™ century.

Greenhouse gases partly responsible for climate
change which is predicted to impact greatly on
our lifestyle in the next 50 years.




TIME
FOR
CHANGE!

Challenge isto move away from fossil
fuels to renewable forms of energy
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Alternative Energy Carrier: Hydrogen?

Hydrogen can be produced from many
orimary sources.

Hydrogen has the highest energy to weight
ratio (120 kJ/g) of any fuel.

Hydrogen is oxidised cleanly to water — No
carbon products formed!

Hydrogen is the ideal fuel for fuel cells and
can also be used in an internal combustion
engine.







Hydrogen has = 3 times the energy per
unit mass than gasoline

BUT

At STP gasoline has' = 3000 times the
energy per unit volume




HYdregen Storage

Four types of storage options:

Liquid Hydrogen
Gaseous Hydrogen stored under high
pressures.

As a hydinde — metal hydndes, complex
hydrides, chemical hydiees

Gas on solid adseplien; = — caflon NENGCIULES ,
Inorganic nanetukes , metalierganic
frameworks = porous materails




U.S. DOE Targets 2010

> 6.5 wt.% hydrogen capacity
« Volumetric density >45kgH , m= (1.5 kwhi-?)

< 100°C

< 2 atm (202 kPa)

1000 hydrogen loading and unloading cycles
Recharging of hydrogen must be feasibly quick




Liguid Sterage

LH2 - Tank System inner vessel LOW te m pe ratu re
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http://www.eere.energy.gov/hydrogenandfuel cell s/storage/hydrogen _storage.html#liquid




Gas Storage

Very high pressures
10,000 psi ~ 680 atm

Energy required to
pressurize

Unsafe for
transportation??

157 litre tank at 350
atm required for 3.75
kg H, (Honda FCX
Concept car)

http://www.eere.energy.gov/hydrogenandfuel cell s/storage/hydrogen _storage.html#liquid




GM HydroGen3 Hydrogen Fuel Cell

Specifications
T e —— Vehicle: Opel Zafira minivan

' with hydrogen fuel cell
propulsion system
Seating capacity: 5
Fuel storage system: The liquid
tank can store 4.6 kg of
hydrogen (-253<C)
The compressed tank (10,000
psi) can store 3.1 kg of
hydrogen
Range: 400 km (liquid storage);
270 km (compressed)
Top speed: 160 kmhr -1

http://www.gm.com/company/gmability/adv_tech/images/fact_sheets/hydrogen3.padf
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Triz Flariclsy FCL

http://world.honda.com/Fuel Cell/FCX/overview/




http://world.honda.com/Fuel Cell/FCX/overview/
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http://world.honda.com/Fuel Cell/FCX/overview/




IHydregen Bus

Electric Auxiliary
Transmission Motor Components

Perth Hydrogen Bus (Pictures Courtiesy: Neyember 2004)




Mietall Hydrides

Advaniaees
- highrhydregen density atmederate pressure
o allFRydregEn eEesereEd at Samepressure
o released nydregen Ve pure
o ML =2 7evaWiYe, AlES =210, 1WiY6
» Examples: Eelii EaNi= S IVIgBINI

Disadvantages
- best hydrdes require Impracticall  °e
* {0/ StOre same amount off ERErgy asia PELo)
fuel tank = may Weighiup: te: 20/ times more!




Mietall IHydriides

Interstitial absorption

Hydrogen Stored

MH + HeatOut

MH + Heat In




M — Metal E.g. Na, LI, Mg etc.
X — Aluminium or Boron

Table1l. Maximum theoretical hydrogen storage capabilities of key alanates and
borohydrides

Hydride Max. Wt% Hydrogen
Sodium Alanate (NaAlH,) 7.5
Magnesium Alanate (Mg(AlH4)2) 9.3
Lithium Alanate (LIAIH,) 10.6
Sodium Borohydride (NaBH,) 10.6
Lithium Borohydride (LIBH,) 18.5




Alanates (MAIH,)

Model System NaAlH , represents
only reversible system under
reasonable conditions

Catalyst

3NaAlH, < NasAlH. + 24l + 3H; 3.7 wted| (1)

Catalyst

NasAIH6 + 2Al + SH5 <> SNakl + Al 5/2H5 ot (2)

Thomas et al. www.eere.energy.gov/hydrogenfuelcells Jan 2004




Alanates (MAIH,)

Both LIAIH , and Mg(AIH ,), have not
yet been observed as reversible

Similar efiecis en allfsystems Wih
dopants;, catalysts andieali==miling,
results i less ei- 1 =2 Wi.%




Boerehydrides (MBH,,)

ModelrsystempsiNaisis
Not yetreversibleruneer reasenanle

CO ﬂ d |t| O n S (Amendola et al. Int J: Hydregen Energy: 25 (2000) p. 9691— 9175)

Catalyst

NaBH, + 2H,0/— 4H5 + NaBO5 + HEAT (300) k3

This product can be replaced by, or occur in conjunction with NaB(OH,) under certain conditions of temperature and pressure. The characteristics of both
are fairly similar.




Berehydrides (MBH )

EXhiRIiS Gepd Capacity (57,0 Wi%)

Rutheniumrcatalystaliews: easy Coniiol,
nearinstantaneous reaction

5 MGIY0NeN EXChangE resinkeads

Exothermic reacuon allews direct
coupling withrPENSUel cell

NaBO, muUSt De re-pProceSSEUroIiiSILE
Costs around $80/kg




Boerehydrides (MBH,,)

It NaBi ) cantoeimadeeVversinle; focus
will shlizterRigher capaciy LBl

4
(18.5'Wi%)

NaBHjisralireadyanruse; Sy aregen on
DemandT'V' Ry Millenmitny CeliNRe:

Jan 2004)




High Surace Area Materials

Metal Organic Carbon Nanotubes
Frameworks




Curtin (Buckley and Gale) awarded $285 K from
$2.1 M CSIRO NHMA Hydrogen Storage Stream
grant.

Buckley Project Leader of Project 4: Hydrogen
storage in porous materials.

Magnesium, Aluminium.

Porous materials: Mesoporous Materials, Carbon
aerogels.




Miagnesitm

MgH, theoretical storage capacity of 7.7 wt.%, high reversi bility
and Iow cost.

Slow desorption kinetics and desorption temperature of 57 3 -
714 K, depending on the pressure, doping and milling
conditions.

Although the alloying or doping of Mg in some cases has
resulted in a lower desorption temperature, this has been offset
by a lower hydrogen storage capacity due to the adde  d weight.

The challenge remains to lower the thermodynamic stab ility of
Mg and its alloys and hence lower desorption temperatu re
without decreasing the wt.%.




Miagnesitm

A theoretical study using ab-initio Hartree-Fock
and DFT calculations has been conducted by
Wagemans et al. to investigate the effect of
crystal grain size on the thermodynamic stability

of magnesium and magnesium hydride.

They showed that the hydrogen desorption
energy decreases significantly when the MgH
cluster size is < 1.3 nm, leading to a desorption
temperature of 473 K for a cluster size of 0.9 nm,

a reduction of 100 K to that measured for the
bulk.




Miagnesitm

|
We intend to synthesise and stabilise

nanosized MgH

particles comprised of

sub-nanometre MgH , clusters, in an effort

to lower the desor
MgH..

otion temperature of

The effect of organic additives such as
benzene and cyclohexane to the milling
process on the structural properties of the
nanosized Mg particles will be
Investigated




AlUuminium

AlH ; theoretical storage capacity of 10.1
wt.%. Low cost and low decomposition
temperature in range T = 333 — 473 K.

Volumetric capacity of 0.074 kg H /I, more
than 60% higher than the 2010 volumetric
DOE target of 0.045 kg H ,/I.

H, gas pressures > 2.5 GPa are required to
rezhydride Al back to AlH 5.




AlUuminium

|
If AlH ; IS to be used as an onboard hydrogen
storage system, a yet to be developed low
cost method for off board regeneration of

spent Al back to alane Is required.

Klingler et al. have suggested that alane
might be made at lower temperatures and
pressures using nanoparticulate aluminium.




Klingler et al. varied temperature and pressure
conditions, and determined that the equilibrium
hydrogenation pressure for 100 nm aluminium

particles was 34.2 MPa at 338 K.

This combination of temperature and pressure Is
well within the range of interest for automotive
applications, where 35 MPa gas cylinders are
presently used, even for these relatively large
aluminium nanoparticles.




AlUuminium

Using DFT, Yarovsky and Goldberg have predicted that
nanosized aluminium clusters of 13 atoms could absorb 42 H
atoms forming Al ;H,, resulting in 10.5 wt% of H ..

They also noted that the activation energy for dissoc lative
chemisorption of H , on Al ;5 is not high and can be overcome by

thermal energy or by adding a catalyst.

Further DFT calculations on Al similar to that conduc ted by
Wagemans et al. on Mg will be done in an efforttod  etermine the
particle size that will produce the lowest absorption pressure.




AlUuminium

Experimentally we propose to hydrogenate smaller alumin lum
nanoparticles (< 100 nm), synthesised via ball milin g (Sadi et
al.), with the aim of decreasing the hydrogenation pre ssure
further.

Mechanochemical Process (McCormick et al.)

Novel chemical routes for synthesising aluminium
nanoparticles will also be investigated.

For example, solution phase decomposition of H  ;Al.LNMe ; (Me
= Methyl) can be controlled with surface-active additi  ves to
produce oxide-free aluminium nanoparticles.




Conclusion

Hydregenwillfee aitittre energy. carrier

Breakthireughs are oceuliing annuaily:
CONCEMING preduction and sierage ISSUES

The seanchiier alightwelgnt, lewW pressure
Hydregen Sterage: maternalisieneeinge:




.
Klingler et al.

D.A.J. Rand & S.P.S. Badwal Australian Hydrogen Activity Report, May 2005.

G. Sandrock et al., Appl. Phys. A 80, (2005), 687 — 690.

R.W. P. Wagemans et al., J. Am. Chem. Soc. 127, (2005), 16675 — 16680.

A. Al Sadi et al., J. Alloys Compd., 211 — 212, (1994), 489 — 493.
R.C. Duncan and W. Youngquist. The world petroleum life cycle, (1998).
P.G. McCormick et al., Adv. Mater., 13, (2001), 1008 — 1010.

T. Tsuzuki & P.G. McCormick, Journal of Materials Science. 39, (2004), 5143 —
5146.

|. Yarovsky & A. Goldberg, Molecular Simulation. 31, (2005), 475 — 481.




Dr. Craig Buckley

Associate Professor and Post Graduate Coordinator
Dept. of Imaging and Applied Physics

Curtin University of Technology

GPO Box U 1987, Perth, 6845

WA, Australia

Phone: Work 61 8 9266 3532
Mobile 0401 103 602
Fax;: 618 9266 2377

Email: C.Buckley@curtin.edu.au




