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Why Hydrogen? It’s abundant, clean, efficient,
and can be derived from diverse domestic resources.
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Time for Hydrogen Economy »
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DOE Hydrogen Storage R&D Program Approaches}

Chemical Storage ; Carbon @
(2004) f - Kinetics/Mechanistic

~ NaBH, Process ’ Studies
Chemistry R - Process R&D

- Life-Cycle /.1nalyses 1 Standard - Structure/Property

~ Other Hydrides ‘ Testing Analyses

| Complex Metal Procedures/F ' Compressed/Liquid Tanks

| Hydrides acilities ~ 5,000/10,000 psi Tanks

l- NaAlH, System «— Semi-Conformal System

‘ Integration 1~ Tank Liners/Overwrap

| - Hydride Materials R&D | - . | Materials

| - Kinetics/Mechanistic Advanced ‘ 1— Insulated Pressure Vessels

| Studies !Concepts (2004) f {— Unusual Shapes
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From Patrovic & Milliken (2003)
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History

* Discovered about 200 years ago (1766)

A

RNNEE.  Antoine Lavoisier (1743-1794)
Henry Cavendish (1731-1810)
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History o ‘“ﬂ\

e In 1931, hydrogen was discovered to have isotopes

vs‘

Harold C. Urey (1893-1981) Frederick Soddy (1877-1956)
Nobel Laureate 1934 Nobel Laurecate 1921
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Isotopes of Hydrogen k'S

* Three common isotopes:

« Protium (H) @
* common hydrogen
H H

1

+ 99,985% abundant 3H
1 1 1
» Deuterium (D)

Protium Deuterium Tritium
L ]
one neutron 1 Proton 1 Proton 1 Proton
(]
* 0.015% abundant 0 Neutron 1 Neutron 2 Neutrons
e Tritium (T) Henry Harold €. Ernest
Cavendish Urey Rutherford
* two neutrons (1776) (1931) {1934)
¢ 1x10-15%, abundant Unstable with a half-iite

of 12.43 years
HID=6000
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Two groups of H molecule @j W

| = 0, antiparallel nuclear spin

Para

\< H* > /ﬁ;\@\

B Normal Hydrogen is 75% Ortho, 25% Para (at 298 K)

= 1, parallel nuclear spin
Ortho

o w el

o

\\ﬂ,/

B The melting and boiling points of para hydrogen are ca. 0.1 K lower than
those of normal hydrogen.

W At T=0 K, ALL the molecules must be in a rotational ground state (in the

para for

m)

m The ortho form cannot be prepared in the pure state
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Mass energy densities for
various fuels

Increasing molecular wt.

Fuel Hydrogen | Ambient state| Mass energy

weight density

fraction (MJ/kg)
Hydrogen 1 Gas 120

Methane 0.25 Gas 50 (43)°
Ethane 0.2 Gas 47.5
Propane 0.18 Gas (liquid)" 46.4
Gasoline 0.16 Liquid 44.4
Ethanol 0.13 Liquid 26.8
Lﬁhethanol 0.12 Liquid 19.9

-3

(1) A gas at room temperature, but normally stored as a liquid at moderate pressure.
(2)The larger values are for pure methane. The values in parantheses are for a “typical”
Natural Gas.

K
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How large of a gas tank do we want? ?
Volume Comparisons for 4 kg Vehicular H, Storage . N ‘ ’

v

 H,(200bar)

CNT (H/C=1), 6.5wt%
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Hydrogen Storage Options ’7’!&\

high pressure gas cryogenic

liquid (20K)
N ° P |

©

7/

covalent
metal hydrides nanostructures
(high temperature chemisorption) (low temperature physisorption)
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Stationary

Hydrogen storage L.
Technology applications

"""" Volume?

Lvphoud Lenvot of «
vt hydrnde siorage
syvenr with et cxelang
v BOp water daps for
whAnadridinge

Weight?

E E Space restriction?

Storage time?

s pen

Mobile

bodrops st dage phveregor compacto s ardiaierat
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End use? L :
S igigin )
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Mobile- bigger challenge than
stationary!
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Hydrogen Storage Material%‘ w

High H-mass density

High H-volume density

Appropriate p.7T stability ]
E Reversible absorption/desorption

metal hvdndes
carbon based materials
micorporous materials

Metal hydride forming slements
"Ruje of 2 A" for H-H separation
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| 2
Compressed Hydrogen Storag%f“&_{

AluminiunyThermoplastic - Glass/Carbon fibre

H, : 5000 psi

SF:2.25

Composite H, Cylinder — 12 wt%

Conformable geometrics
Higher wt% via increased pressure
Heating on filling
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Fiber/Resin
Reinforcud Shetl

Larpon-riber Keinrorcea
Shell
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Liquid Hydrogen Storage @j »

» Liquid Hydrogen Storage
» Cryogenic storage of hydrogen@-253°C

+ Advantages
Y Low pressure
 High storage density

+ Disadvantages
v Energy required for liquefaction
Evaporative losses during fueling
+ Evaporative losses during periods of inactivity, i.e. when parked
Y Consumer Acceptance

* Future developments to improve packaging and reduce evaporative
losses

!:ﬂ SRNXUMWUNG Y
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Liquid Hydrogen
Development of Storage Technology

Superdnsulation inner vessel Automotive Design:
Levai probe 4
fiiling llr\u
gas extraction
Haguld extracton

outer vesse!

suspension
liguefiedH,
{-283°C)

i
Flling part . sofety valve

gassous N,
{#20°C bis +86 *C)
1o angine

slectrical heater

5 -
chrsi;{? vaive ¥ Covling watar hatt exchanger

gassousfiiguid
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The Periodic Table of the Chemical Elements
The mass of each element is indicated by elevation above the plane
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Hydrides e

* Binary compounds of hydrogen
* has an intermediate electronegativity

* ionic hydrides
* LiH

* covalent hydrides
* HF

» metallic hydrides
» NiH,

»
—— ‘,ﬂ BRAZTUNNAZY
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Tonic Hydrides . »

* white solids
* metal cation and hydride ion
* very reactive
LiH(s) + H,0()) - LiOH(aq) + H,(g)
* reducing agents
CaH,(s) + H,0() —> Ca(OH),(s) + H,(g)

‘:y PRATUUNHATE
FOULA Bt Lo WL

3
Covalent Hydrides »
@
* covalently bonds with all nonmetals and weakly
electropositive metals
* gases at room temperature
* hydrogen can be:
* nearly neutral
 substantially positive
* slightly negative

RS MR E ]
POHLA GARKE LU E MINTUTL
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Neutral Covalent Hydrides . .

* low polarity -
* only dispersion forces
* Examples:
* PH,
« CH,
* Hexene
CH,(g) +20,(g) & Ct¢ Phosphine

D sanzuunNaPe
ROMES BASES AN B WY FUTE

g

Positive Covalent Hydrides ‘s

* high melting and boiling points
* protonic bridging
+ Examples:

. H\ /H (1
* ammonia
« water }:1
* hydrogen fluoride (‘)
LI
(4)? H ‘(I)/(z)
H (3)(‘) H
\H
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Negative Covalent Hydrides &9
* Contains hydridic hydrogens |
* Very reactive towards oxygen
+ Examples:

* B,H,

» SiH,

* GeH,

GeH,(g) +20,(g) = GeO,(s) + 2H,0()

R MG EL L ]
R EIRLN DA NyYTE

B LOTNEL ML

8
Metalic Hydrides o

HYDROGEN INTERCALATION IN METALHYDRIDES

HYDROGEN HYDROGEN
ON ON
TETRAHEDRAL SITES OCTAHEDRAL. SITES

“:ﬁ SANEURUHAPY
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HYDROGE
% "

) ‘~' Hydrogen gas

N ABSORPTION

P HJ sy

B oL
Metal
Absorption Desorption
@ & o @ ( Phase: Solid Solution
! [ ) B — Phase
j 1 104
H, (0<x<01)
® B:«f\ﬁ AVN =kc; F
f H X
T
e o + B ~ Phase
B-Phase: Hydride Phase ] /’
&
&
W U m, M ={1.2 3 . o ~ Phase
WA "" Hy x={1,23,..} 00 02 04 06 08 1.0
He—H ey (HM]
!s‘ P_‘i‘ﬁijffll!ﬂﬂ?ﬂ
Domity: Sqem? 2gem? Tgemd 07gemd
180 - 4
C""‘”oes Low mass
o1 MRS LBH, density = general
LA:N:;H,s M H2 NaBH‘ dec. 553K K £all
120 - LR 520 K. 8 bar dscm CoHy - A H, ctomtorbed weakness ot q .
Tl ; s on carbon known MH working
." +
oo (R S e, Ty near RT
z 300 K. 15 b Y ‘ A e 400\ CH, bp. NZK
z H R b.p. 272K
2 doc. 530K Intermetallic
N ’ H, physisorte compounds &
oy carbon
alloys can reach
9 wt.% but are
not reversible
within the
0 5 10 13 2;) 2‘5 re u'red Ts

Stored hydrogen per mass and volume. Comparison of metal

hydrides, carbon nanotubes, petrol and other hydrocarbons.
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Hydrogen Storage In MH _ «

= Metal hydride storage

~

~i safety and long term stability

+i highest capacity by volume

& high capacity by weight for Mg

K free geometry

g

¥ high temperature of operation ~» 300°C

Problem: Storage & )
¥ sluggish — refueling: = several hours

Application

Challenges in deveiopment of the storage, transport and distribution infrastructures

S;g SRS BANRAIY
FONLA TNES LK ANR L WY TTE

Metal Hydride Storage &

Current metal hydride system
=15~-5wt% H,
 Operate@ 300-400 °C ang
v Primary challenge is the
management

Low - temperature hydrid®
development
V Goal: 5.5 wt %H, @ <100 °C

s:ﬂ BRAXYRUYY P
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Complex Hydride “z

« Complex hydrides consist of a H=M complex with
additional bonding element(s)

+ hydrogen complexes include:
- (AlH )~ (alanates)
- (BH,)"
— with Group VIl elements

+ features:
— ionic, covalent, metallic bonding
— can have lower formation energy
— can have high H/M

» 173 complex hydrides listed on hydpark.ca.sandia.gov

"ﬁ SANTUHUAS?H
e R T SRR

Irreversible Chemical Hydrldesx ‘3

s\,
rhres  NaBH,+ 2H,0 [ NaBQ, + 4H,
Approschos (" e on ;
Stabilized with | Borax in NaOH |

1-3% NaOH

2LiY + 2H,0 0 2LIOH + 2H,

Light mineral oil slurry, Paste
proprietary stabilizers byproduct

« Hydrogen capacity is high at around 10 wt% hydrogen.
» Dehydrogenation kinetics are fast.
* Reactions are irreversible on-board vehicle.

2Na + 2H,0 0 2NaOH + H,

Polyethylene-coated pellets, Rege_ner.atlon costs are
mechanically cut to expose Na a major issue

l‘:ﬁ HRAENRUYATY
TR HOHEN BASIC MENCE W LT
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NaBH, + 2H,0 — 4H, + NaBO,
Catalyst

Other complex hydrides: NaAIH, [7 wt%, 2 stage]
Beryllium hydrides Li,BeH . 8 wt% [Toxicity issues)

s pSZie e rRes dRe),
ddAxivoibEOE BeiFa oA
[Pl B o4 ZIAE YA
e WAl QEEXE AFeof &
&, 13 dsFelgr! eeleld 38t
4+A8E({NaBH4) 89ea 140
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oo A JdXe= 7IE 350
Zigh AABct 15~2u] gk 4
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Complex Hydrides
) RGVBYS!blmy Examples Theoretical
- role of catalyst or dopant reversible
+ Thermodynamics capacity/ wt%
- pressure, temperature i?((::g“)) ig
. . 4 :
Kinetics ‘ Mg(AIH,), 7.0
- long-range transport of heavy species Ti(AIH,), 8.1
CYC”C Stablllty Fe(BH,), 9.4
Synthesis Na(BH,) 7.9
Compatibility/safety Ca(BH,), 8.6
S ez
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Advanced Solid-State Storage@ W

»  Carbon nanotubcs R
vV High surfacc g
v Goal > 6 wi%
+ Challenges: v

*  Glass mic
v Proof-of-p# :
v Potential for low cost, high-capacity conformable storage
V Challenges: synthesis, processing, thermal/pressure management of
adsorption/desorption
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Hydrogen in SWCNT

ignal
k=l
)
oD
n
£
*
ay

1y [PD Mmass vigna

H, Mass Si

TTTETE T T QTYYY

'e

£

L1 FOPN FOVIU PV PRTVA DOV JUUN seomn
1O 150 200 #40 X 350 0D 450 8
T erperatum (X3

Temperature (K}
4

Hydrogen TPD spectrum of a
degassed sample. room temperature
H, exposure at 500 torr. The adsorbed
hydrogen comresponds to 6.5 wt.
Hydrogen TPD data from an SWNT
sample that was exposed to hydrogen
at 300 Torr for 10 minutes followed by
a variation in post-dosing conditions.

3

2

erenn PILEE W)
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1

a2 TPD masy signd

a . asasl
100 150 200 250 J00 IS0 40C 451 ‘.'vﬁﬂ o i
Temparaturm (X} e pitiies X

‘ﬁ “H)l&iﬂlﬂﬂ"‘?ﬂ
EENEA G s M3

— 132 —




HYDROGEN STORAGE IN CARBON NANOTUBES

2.0 * Hydrogen gas adsorption at
77K
TS . ‘ electrochemical capacity at
3 /. . 293 K
g 101 1.5 mass% / 1000 m3g!
= max. 2 mass%
0.51
K Hydrogen gas adsorption at
0.0-4 296 K and 125 bar:

0 500 1000 1500 20 .
0 1000° 13002000 max. adsorption 1.5 mass%
Surface area [mg '}

Ref.: M.G. Nijkamp. J.E.M.J. Raaymakers, A.J. van Ref.: R. Strobel et al.. Journal of Power Sources
Dillen, K.P. de Jong, Appl. Phys. A 72 (2001), pp. 84 (1999), pp. 221-224
619-623

H:ﬁ‘ BRNTURNYITY
PRin #340n 5o sy Lo ST UR

Carbon materials - an alternative to high density storage..
Hydrogen absorbs at solid surfaces depending on the applied pressure & temperature
Reversibly stored amount of hydrogen

on various carbon materials vs. the
specific surface area of the samples

20 ‘}
T 15
>
£
o 10
z !
z 1,
vy QActivated cgrbon
VU4 i
J . - r Harris, ONanotubes ! etc..
n 1000 2.000 SEEF Workshop, 2003

Specife surlave ava in’ g7}
8 i e (e 1 T me ettt Nanostructured graphitic carbon at 77K amounts to 1.5%
J mass per 1,000m2/g surface area. Temperature dependent -

at 77k one order of magnitude higher than at 300K.

¥ whe nreactures caben samphes

Schicpbach & Ziitrel Narure. 414, 353-358, 2001
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The key point of H, storage

block the hydrogen diffusion

A structural defect in the tube
A sharp bend of the tube

Sonication time
b Sonication power
Acid concentration
Hydrodynamics
( Amounts of metal
{ Metal particle sizes
( Improvement of H, storage

IGA traces (PCT plots) of activated carbon, zeolite and SWNT
material at -196°C up to 15 bar with I bar pressure steps.

Isotherms at -196°C and 15 bar

—&— Activated Carbon YAO - zeolite LiX

4 ~ —a—Single Walled Nanotube
3.5

3
2.5

” -
1.5

|
0.5

0 Y T T T -

0 3000 6000 9000 12000 15000
Pressure (mbar)

3. 7 8¢
ORI ;' W -ivitschonii34
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Hydrogen Storage in Carbon c

.3
%

Kateriat Oensity Yemp Proseure Reterence Year
wi% {¥) {MPa)
GNFa {(herring bong) 87 55 RT 11.358 Chambers 1998
GNFs (plateict) 53.68 AT 11,38 Chambers 1998
LI-I8wWNTs 20 ~473-678 0.1 Chen 1999
KAAWNTS L1 < 313 0. CThen 1999
GNFg (tubuiar) 11.26 |RT 11.35 Chambers 1998
CHNFs ~10 faed AL B Fan 1999
LIZK-GHTs (SWNT) ~10 AT 8-12 Gupto 2000
{GNEa ~10 BY 8.12 Cuptn 2080
> 10 wils |SWNTs {lo purlty) &-10 273 0.04 Dilion 1997
SWNTe (hi purlty) g.25 8o 7.18 Yo 1999
CN nanabeiis 8 573 .3 Bal 2001
Nano graphite 7.4 RT % arima 2000
SWNTs (hi p + Ti ailoy) 8-7 ~300-7G0 0.97 Dition 2000
GNFg 6.5 RT ~12 Browning 2000
CNFs ~8 RY 10.1 Cheng 2000
MANTs ~8 RY ~10 2Znu 2000
SWNTe (hi p + Ti alloy) 3.5-4.5 ~300-600 0.07 Dillen 1989
SWNTs (50% purity) 4.2 Lt 10.1 Liu 1999
U-IPWNTs ~2.8 ~473-673 04 Yang 2000
SWNT (50% purity) ~2 RT cchem Nutzenadel 1999
< 1 wilo K-MWNTg ~1.8 < 313 00 Yang 2000
(9.8) arroy 1.8 77 10 Wang 1999
MWNTS < 1 RT echem Beguin 2000
ONF 0.1-0.7 AT 0.1-10.8 Polrler 2001
{9.9} array 0.5 RT 10 Wang 1999
BSWNTs ~0.1 300-520 ¢.1 Hirechar 2000
various « 0.1 RT 3.5 Yibbets 2001
BWNT (+ Ti alioy) o RT 0.08 Hirscher 2001

4
5; SRNZUREATY
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Comparison

.3

of H, storage .

Different types
Process Eunergy involved Storage | Temperature Volumie | massrate specific Energy needed
in the process pressure QO density (79) energy for H; release
5 Mutsple sreps adiabanc 00180 wax 33 ke 11a26
compressed compressen - cooling | 33KWR kgh: $00 bar i3°%C H n‘x’ o (ffqb‘ﬂf) 04548 R
- - : pAY! . 0
Underground .-’\qm.f.m 89 - 160 bar (702-800 kAklg
storage Salr caverns )
Liquid N: coohng ~ e ]
liquefied Mutrple seps adiabane | 10kWE kg H. No dana S155°C ' e = 2% HUERLke | 1o 3%lessper
cempression day
NaBH, - . 1
Hidrogen  on NaBH, o H‘O,+ camyst No dat Ne data Ne data No data Nodata No data 0
demand ™ > NaBO: + 4 H:
emand
Metal . - N : X 150§ 08223 .
h\:h; des clumsserptics  desdrption No data 210 10bar 0-100°C m}‘;: = ¢ 2 l:Vv;. Xe No data
Active I . a5 e o 18kz K, 79 LY 1 -
carbons phystsorption  desorption No dan 250 bar 5C -nf’ Nodata | 12kWhkg No data
Carbon 1723
nanofibres & | physsorption desorption No data 128 bar B°C No data 1.5 Ry No data
EWhig
nanotubes £
somten dess 100k ‘mel (14 ~ : y i < 160k) mol (22
fullerens chessorptics * desorption Wh ke ofH: %) Tba 100-200°C | Nodxa §~1.7 25kWake Khhke H %)

BE SENZUANNDVE
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Maximum storage

*

High pressure gas
+ ambient temperature
* cryogenic system
Liquid hydrogen
Reversible storage media
« carbon structures
* nanotubes
* fullerenes
* hydrides
* intermetallics
* alanates’
« composite materials
Chemical methods
¢ liquid fuel + reformer

* off-board reprocessing

e ey A SRR T

densities &
Energy Density MJ/liter:

.

3600 psi: 2.0 5000 psi: 2.75
150 K: 3.5 20K: 84
84
?
?
10.8-12.0
8.25
?
Eff. gasoline methanol
50%: 6.6 5.9
75%: 9.9 8.9
?
IO Kgﬂ BRNTURNYATY

The most promising technologies ‘9
are the farthest from commercializatgn

>
hl I [ l ]
A gleam Real Make it First cut Fixing the Making more Money
in the eye effects work engineering problems than one maker
Reproducible Facing
results reality From George Thomas (2002)

I:ﬂ SRINEUNKHARY
s FOMER BAGKC wANE o4 TIUTE
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Advanced storage approaches identi%gd

©

Crystalline Nanoporous Materials

Polymer Microspheres
Self-Assembled Nanocomposites

Advanced Hydrides
Metals — Organic

BN Nanotubes
Hydrogenated Amorphous Carbon

Mesoporous materials

Bulk Amorphous Materials (BAMs)
lron Hydrolysis

Nanosize powders

Metallic Hydrogen
Hydride Alcoholysis

Bl eaznaowaRe

R 13

3

Hydrogen Uptake in Zeolite@ 9

H, aptake (wt.%%)
@ Material | -136%€ RT 0
Nad 154 0.28 0.30
CdA .14 0.35 0.30
| MgA 1.1% - -
NaC=RHO | 0.00 0.i8 .20
C4RHO | 0.08 9.29 .25
LiX 215 - -
ERN 1.79 - 0.25
; Cdl 142 - -
Zeolite A B T - BT
CaX - - 0.23
*Low cost, chem.&therm. Robust iy 181 i
. spars Cdy 147 - -
Good structural reproducibility g Ty - -
*Environmentally friendly &safe 15bar ky
‘ B U I vtovlermieih
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Mesoporous Metal Organic (MOF.3)
o

Sunglecrysral msay savcrres of MOP- %A1, IRMOF-SB). wad IRMOF-S(C}

7o e pobied w0 wire € black apheses

L] .
I R B ot o o
oo < o v Carsar Ty K AY
= I . i+ atRT and 20 b (B)
- o «
TR T
e L

Hydrogert g1 <iptons ccothermt for MOF-3 31243 " K and By WS K

+ Chemical formula Zn O (BDC), (DMF), (C¢H:Cl)

— BCD = 1,4 - benzenedicarboxylate

- DMF = dimethylformamide

Zn0, tetrahedral clusters linked together by C,H,-C-0O, “struts”
Cubic crystal structure

1.294 nm spacing between centers of adjacent clusters

What are the hydrogen storage characteristics of this material?

o 0

‘:ﬂ BRTURNNAIE
POMLA Bt wANGE S T

i@
Mesoprous Organosilica Materiale 4

Fgan & Modal showing the pore sarfie 0f mencparie banzene—siica. Bemng thgs
e pore, The siicate Is

benzene-silica hybrid material

Hydrogen storage behavior? s s o sy o a1 . kg sl onon heon
ORNGE. DYDY, MG, CHON, wikds; Byciragen, yuion

por
wland §5-0H & 90 surfac

l:sl SHRIIXAARUBEITY
. RO B W NE 3 “arTE
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-3
Boron Nitride Nanotube o i

b R ——————
~ steThooiube
¥ 25 H amulewal fubs u®
k3 #2Uk powder |
A
-~
5 -
2 L 2
§ { »
ol B
1 X
£
[ 2. s 9 »
Q 2z 4 8 B ‘0
Slorags prasacrs (MPal

Figure 20 1 he indtn i wha i s o mncTiag o) pross
BN nanotibes amd Bamadwo e dabes or [0 A8 T8 anl Towe .
ropeansely m sharp vonttes fo ks Y w10 o btk BN pewaler Eae
Vafues opentod Bere hase o Crror et b a0,

ta st ol Lk

Figure 1. 1 eetpby by A RN pmssuie oyttt poramidae.
wndahe Baobes s b, pneedos Soalv b Bt o

Multiwall  : 1.8 wt%
Bamboo-like : 2.6 wt%

K:g SRANZUNNHI I
PIA GRS s Y UTL

Hydrogen Storagein
Inorganic Nanostructured - 3
Materials at KBSI

¥, ¥ [}
I 6 i erctiay
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| ‘3
Hydrogen Storage in NT ‘f‘ .

T g« 7 WS Lo
LN LRI I
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* z Q »

' . wat [
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Physisorption: Results suggest that tubes should be kept mechanically separated.

O After simulatign @ ﬁ After simulation ﬁ

Chemisorptior inside and outside tube: inside is not stable but outside is stable
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H2 Storage in LiAlO, N anotubeé -
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Y, ZigZag
Armchair Surface Area : 1027 mig
Surface Area : 817 milg ;}.l,,tAl('}2

surface Area : 959 m/g
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H, storage in LiAlQO, Nanotubg
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(8) P-ANT-Li before evacuation

(b) Evaruation at RT $4h

(<) H, adsorption st RT, 2.7atm 45h
(d) Re-evacuation at RT 10min

(&) H, re-adsorption at RT, 2.7atm 45k
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H, uptake in M-oxide Nanotubes@ﬁ |
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Surface Area : 2949 m3/g Surface Area : 1322 m#/g
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Cu,Cl(OH), microspheres ah‘&_{

Biomimetic controlE &8t Cu,Cl(OH), aggregate microsphere
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H2 Storage in calcinated Cu,Cli(OH), microspheresy
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CuAlO, nanoflower 4

HEHESHH S AHETE 028 morphology MO 2t Olﬁg
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H, Storage : 0.66 wt% @RT, 45 bar
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Candidate for H2 Uptake Materials -
LiMnO, Nanomaterials

SEM Images TEM Images
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* Hydrogen storage, even though still at its infancy, -
appears as a possible attractive alternative.

» Improved safety and energy density

A breakthrough in Hydrogen
storage technology could facilitate
the introduction of H economy

society.
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