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Where the erroris ?...

Variable electricity production from Wind Power does not allow electricity to be

produced when it is most needed, ie when demand is highest

Evolution of Spanish Wind Energy Production on 6/02/2010
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Fuel = Hydrogen

ICE PEMFC SOFC

Thermal engine Low temperature FC High temperature FC

Hydrogen storage

e [N

Gasoline Gasoil/gas High pressure gas Cryogenic liquid Solid

hydrides
30 to 70 MPa !! 20K !!
s ex : MgH,

CO, emission Risks & Energy consuming
7.6 w%




Mass and Volume Densities

Some of the materials under study in CoE’s

\ Hydrogen Densities of Materials
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Reversible Metal Hydrides

— Safe storage

Low pressure + endothermal desorption
— High volume density
— High purity hydrogen

—Poor mass density... but

kg H, / m? weight %

H, gas (700 b) 62 100

H, lig. (20 K) 70 100




BCC type alloys "% | BCC Relative stability :
B Experimental

AB N, & Theoretical
/\ Approaches
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BCC based alloys : Ti,V,Cr_,,

—— Compose abaseTi ..V, . Cr ,a18°C (291 K)
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—— Compose a base TiV, Cr, , a 15°C (288 K)
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Fast reactivity of Ti,V,Cr,_,_, alloys to hydrogen
when composited with x% of Zr,Ni,, additives

Reactive bulk microstructure Decrepited powders
- - ~50 pm
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Specific process : Patent W0 2007096527

Pseudo-cellular microstructure for a fast intergranular hydrogen
diffusion and homogeneous powder size decrepitation




Targets : nomad and mobile applications

HyCan (= CNRS — McPHy - PaxiTech — Boxal - AdV Anta)

Development of small cans to H-supply micro fuel cells FUI

(P, <13 bars at S0°C)

McPhy Energy
Boxal
Paxitech

Ad’Venta

MODERNHY’T (CNRS - CEA-Liten - G-INP — SNCF - PSA)

Hybride storage for automotive applications Aeenee Nationale el Recherche i GIP
(P., > 100 bars : gas + metal hydride) ‘ J




2,04 AH=-76400 Jimol AS = 137,5 J/Kimol
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So called difficulties with Mq
H-reaction kinetic are said low, but...
Temperature of reaction is high, but...

Mg Is the best ?

Mg is the 7th most abundant
element on earth

Mg has ~ same cost as Al
Mg metallurgy is easy

Mg is bio-compatible

Mg is re-cyclable

MgH, is monometal hydride
system: no demixtion

MgH,, uptake is 7.6 w%

Tank : 5 kg H, = 300 km




Metal «catalyst» deposits on BM MgH, particules
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Energetic Ball-Milling is a common method used to prepare
reactive powders : homogeneous nano-crystallites, high
density of defects, doping with metal type catalysts®

Absorption 240°C — 1 MPa Desorption 300°C - 10

KPa @ McPhy
: : Energy SA
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Micro- to Nano-structure + high density defects

a - SEM picture of as received
MgH,, the mean grain size is
about 40 um

b — SEM picture of a 10 hour
ball-milled MgH,, the mean

size distribution ranges from
0.2t0 10 um

a - HREM picture of a 6 hour ball-milled
MgH,, defects and nanocrystalline state
transform to well shaped homogeneous
sized crystals after evacuation under the
e~ beam; mean grain size ~ 20 nm

b — Electron diffraction picture of in-situ
well recrystallised Mg from the MgH,
precursor
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So-called
o «Catalytic»
A Effect ?

e-NbDx

LT EAEEL

nucleus of
In-situ neutron diffraction MgH, Mg m) MgH,
hydrogenation
of Mg via Nb/NbH,

Scheme : a Nb nano-particle

as « catalyst » . . . . .
y interfacing a micrometric Mg grain



Mo protection capping
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Interface M «catalyst» - Mg/MgHzﬂ

Formation of B-NbH, g4
B-NbH, gg — o-NbH_; gg — a-NbH_,

Orthorhombic
Superstructure
Non mobile H

Mobile H (vacancies)
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Heat of Reaction Management
Compacts MgH, + Expanded Natural Graphite

20, MH=TB00UMO 51375 JKimo E g { Normal to compression axis
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Heat of Formation ! 60 N1 H,

~1/3 H, Combustion | Improve radial thermal conductivity ( x 30 / free powder)

Homogeneous, mechanically stable on H, cycling
Improvement of H, volumetric capacity (x 3)
Very safe storage



Adiabatic tank

concept 2,0- AH = -76400 J/mol AS = 137,5 JIK/mol
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Stack : 73 disks /13 cm
10 kg MgH, + 5 %wt ENG

126 kg CPM (Mg-Zn-Al)

Electrical power : 1.2 kW
Direct connexion between tank and FC
No H, buffer, no mass flow regulation

FC H, pressure limitation : 0.12 MPa
Autonomy > 10 h. at max. FC power

STORE REVERSIBLY HEA

LARGE REVERSIBLE SAVING ENERGY =

WITH A CPM




Adiabatic tank

Stack : 73 disks / 13 cm
10 kg MgH, + 5 %wt ENG

concept

s "’pL\"‘

126 kg CPM (Mg-Zn-Al)

Electrical power : 1.2 kW
Direct connexion between tank and FC
No H, buffer, no mass flow regulation
FC H, pressure limitation : 0.12 MPa

Autonomy > 10 h. at max. FC power
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Opening new routes for a mass production

Nanostructuration, high density of defects
CNRS & UQTR

Ball Milling is a traditionnal and very effective process,
but very expensive for a mass production in terms of
time, energy, manpower....

Unsafe since powder pyrophoricity

ECAP (as e.g. Cold Rolling, Fast Forging) allows better
understanding of metallurgy parameters than Ball Milling

No «catalyst»additive => towards 7.6 w% !



Manufacture Mg-rich composites : temp., route, activation

ECAP process
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Port-folio of Patents

CNRS W02007096527 : Pulverulent intermetallic material for the reversible storage of
hydrogen - Charbonnier-J, de Rango-P, Fruchart-D, Miraglia-S, Rivoirard-S

CNRS W02007125253 : Nanocrystalline composite for storage of hydrogen- Fruchart-D,
de Rango-P, Charbonnier-J, Miraglia-S, Rivoirard-S, Skryabina-N, Jehan-M

CNRS WO02009080986 : Hydrogen storage material made of magnesium hydride - de
Rango-P, Chaise-A, Fruchart-D, Miraglia-S, Olives-R

CNRS W02009080975 : Hydrogen storage tank - de Rango-P, Chaise-A, Fruchart-D,
Marty-P, Miraglia-S

CNRS /McPhY Energy FO8 07087: Réservoir adiabatique d’hydrure métallique - de
Rango-P, Fruchart-D, Jehan-M, Miraglia-S, Marty-P, Chaise-A, Garrier-S, Bienvenu-G

MCPhy /ICNRS FR0904442 : Réservoir de stockage et de déstockage d’hydrogene et
chaleur - Jehan-M, Peyraut-L, Bienvenu-G, de Rango-P, Marty-Ph

CNRS/UQTR/McPHy Energy FR1002928 : Matériaux déformeés plastiquement pour le
stockage de I'hydrogene - Fruchart D., Miraglia S., de Rango P., Skryabina N. Jehan M.,
Huot J., Lang J., Pednault S.



EU project »{I:artnership
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cPhy

3 sites (factory, office, design)

starts Feb. 2008
Metal Hydrides & Tank Systems

30 employees June 2011




McPhy Energy

Société anonyme a Directoire et a Conseil de Surveillance

au capital de 129.136,60 euros
Siege social : La Riétiere, 26190 La Motte Fanjas

502 205 917 RCS Romans

Representatives

McPhy-Italy
McPHy-Spain
McPhy-Japan
McPhy-India

McPhy GmbH Germany

Directory :
P. Mauberger: COE, M. Jehan: Director, D. Fruchart: Sc. Manager, A. Screnzi: Business



. I H, pressure = 0.12 MPa
4 Electrical power : 1.2 KW

Fr
institut
Direct connexion
between tank and FC
No H, buffer or

mass flow regulation




~ 100 kg MgH,, precursor / day

MC 2 1ef gyy

First-Hydrogenation Reactor



30 cm

MgH,
composite
density ~ 1

| 1cm }

3 \ i‘ Y 045 Nme H2
e 1

eq. pressure ~ 500 b

L [Ball Miller Hall

Milling capacity of y
nanostructured and activated |
reactive MgH,

100 kg / day

reactive MgH,

NGE

Dosing & Mixing Automate - Press




HF synthesis
of TiVCr®
additives

| CPMe melter and doser
I to fill the heat storage tank




Severe Plastic Deformation
Station (under development)




Almost a realty...

A 4 kg solid hydrogen unit

McPhy composite

Thermal insulator

Electrical cabinet

Gas panel

Design approved by ENEL: Feb. 7th & 8t | 2011
Design approved by Iwatani: March 1st, 2011

+ UK Clean Village + Hymage Il + MYRTHE...



BACKUP POWER SUPPLY APPLICATION

Electrolyser CPM storage system
300 Nm, /h N\

60 bara 50 kg @ 2 bar Power Generator \
m— equivalent to 555 Nm3 (1665 kwh) | <" aore e

12h .
| ;”‘F:IE!” 42?7?\|m3/h

' Hydrogen turbine
Msﬂ”‘l or

4 h

10 bara
4A0NmM3/h

K Fuel cell //




HYDROGEN FUELING STATION

Electrolyser

3
300 Nm?3 /h /Fue”ng N\
60 bar =

Medium Pressure Compressor
storage Suction : 60 bar
1800 kg @ 60 bar Flow : 300 Nm?3/h

Discharge : 200 450 900 bar

A Compressor

160 Nm3h

Trailer station

500 kg @200

2 to 60 bar
160 Nm3/h j

MGH storage system

160 kg @ 2 bar
equivalent to 1760 Nm3 (5328 kWh)




INTEGRATED PROJECT
McPhy proposal

Power
Gen

—t

Hydrogen turbine
' I or

Fuel cell

Electrolyse

Medium Pressure
storage

High Pressure
storage Trailer Station

i

o
3¢

MGH system
storage
Fueling Station System



H, REFUELING STATION

Currently in refueling station
=

A\ — —
\Q\I".—. _—y
Liguid storage

McPhy solution

__-
—_—
-

-~

Gas storage

Diispenser

f

Electrolyser
aoo
bars
McP
—>
stol
T lompressor 400
Low bars
pressure
<10 bar

solid ~RT<10b

(0AN( ™
_E Disperser /
Compressor 00 /
~ N - -
No logistic /
Easy to use
Safety /
Minimize regulation
Issues




«Green» PROJECT

GES - Green Energy Storage System
Green-H, Deployment

WE HSS Green-H, for hydrogen
modular modular merchant
sub-unit sub-unit

H, for turbine power
generator

Ho on H, for HCNG (hydrogen

Enriched Natural Gas)

demand
H, for for FC vehicles
—O—
| FC sub-unit
8 OL: Open Loop module
e” to the
GRID Green e-mobility Grid
1. Intelligent )
- Dispenser (ID) e to feed

i

: A p: off-the-grid
{ /N . utilities
o
35 \_ V %
A\



SOME R & D COLLABORATIONS

Arcelor-Mittal, Erasteel, Helion...

%
CNRS ”lMcPhy-Energyl 4==) UQTR

Grenoble / ﬁ
Universities of USCar
Perm / Brazil
St Petersburg
Novosibirsk /
ICMCBordeaux CEA Grenoble

Polytecnico
Torino —— ——FENEL




OUR VISION

Stationnary Applications (heat management)

Mass storage and transportation (up to GW)
FC or turbine to grid - regulation of RE
Refilling station (e.g. on site)

On site industry applications
Merchant hydrogen

Mobile applications (heat management)

ICE fuelling
Hybride ICE/FC/Electric

Nomad applications

All type hydrides



I T L T 0 S e ESRF (Synchrotron)
M. Artigas, G. Delhnomme, A. Chaise, J. Charbonnier, R
P. de Rango, S. Garrier, G. Girard, J. Huot, M. Jehan, P. Marty,
S Miraglia, S. R|v0|rard M. Shelyapina, N. Skryabina--.
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