Hydrdgen

WP3reporting

Measuringhe hydrogencapacityof hydride ta

Oliver Buker | BenoiDelobelle| Olivier Gillig Rodrigo Perez

RIl. >
SE MkEC

nnnnnnnnnnnnnnnnnnnnnnnnnnn

FUNDACIGN PARA EL
DESARROLLO DELAS NUEVAS
TECNOLOGIAS DEL HIDROGENO
EN ARAGON

EMPIR H -

The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR Participating States



PLAN Hydrdgen

x Introduction¢ Presentationof hydridestorage

x 1S0O16111

x Differentwayto measurethe hydrogencapacityof a tank
x Thermal masfilowmeter : details

x Tankmanufacturedandinitially tested by Mahytec

x Testbenchandresultsfrom FHA

x Testbenchandresultsfrom CEA

x Recommendationfor optimizedtestingdevices

X Conclusions and perspectives

EMPIR H -~
EURAM9

The EMPIR intistive is co-lunded by the Europesn Unicn's Hanzon 2020

rasparch and innovation programme and the EMPIR Particpating States

Oliver Buker | BenoiDelobelle| Olivier Gillig Rodrigo Perez [SABinal meetingg 21/05/2019¢ DELFT | slide n®



A few words on hydride storage Hgdrégen
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IntermetallicHydrides
X no progressexpectedin capacity butwork well
C researchof low cost

2

Searchfor low cost precursor (i) impurities

(i) fundamental research : influence of impurities on the
absorption capacities

ComplexHydrides
X potential progressor rupture, but notworkingwell
C alanates LiBH4 + MgH2, LINH2

2

Desequilibrate the thermodynamics and obtain reversibility
Ananoconfinement

A catalysis

A hybridation of materials (LiBH4+MgH?2)
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Hydride storage - principle Hgdrégen

O-phase
(solid solution)

H-diffusion
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Hydride storage - principle Hgdrégen
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Hydride storage - principle Hgdrégen
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Hydride storage - principle Hgdrégen
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Hydride storage - principle HLJ('JI'OQE’I'\
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Hydride storage o6 exo/endo -thermicity HLJdrOgen

Matériau : TiVCr (BCC) 00 040 bars at 30°C

Hydride powder
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Article : B. Charlas, O. Gillia, P. Doremus, D. Imbault, Int. J. H. E, 2012 Cooling due to desorption

C security if leaks : auto -cooling and stopping
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Hydride storage

- principle

MmNIi5 (LaNi5) Iaboratory aIon

Hydrdgen

(MmNisSn = Lao.gceo.osNdo.o4Pro.01Ni4.638Tr(l%§2)
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Hydrides & somes examples HLJdI'OLj(?I'\

Max Temp
. weigth (AC) o ni
Family Compound capacity | at P=1 Kinetics (kd/mol)
(%) bar
AB FeTi 1.8 -8 Fast -28.1
AB; LaNj 1.49 12 Veryfast -30.8
Th 910,02V,
A 98 70.0270.43 1.9 -28 Veryfast -27.4
% F& 0dCh.0sMN1 5
BCC (Vo 9T 10.0F€ o5 3.7 36 Fast -43.2
A.B Mg,Ni 3.6 255 Mean -64.5
complexe NaAlH4 7.5 180 Mean -70
Single Mg 7.6 279 Slow 745
element

source : Sandrock review paper, 2003 i
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Hydrides 0 somes examples
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Hydrdgen

Temperature (°C)
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Hydride reversible capacity Hydr Ogen

The hydrideeversiblecapacityis linked operatingtemperature range [T,.q4: Tunioad
to operating conditions operatingpressure rangeR.q:Punioad

l'in 1ISO16111, the operatingmperature rangediffers from servicetemperature rangewhich s at least [40:65]°C
P (bar) P (bar)

100

load 10 . . P PR 1 ! M S

unload— 1 7]

1UT(KT)

, , | | T
| (HIM),a, | UT;  UT, 1T

Hydridereversiblecapacity

e.g RC rated capacityon ISO16111
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Piloting the hydride tank

Pressurepiloting

T=cst=TlorT2
P :Punload to I:)Ioad
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Temperaturepiloting
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Tank reversible capacity Hydr Ogen

Tank reversible capacity > Material reversible capacity

Tankreversiblecapacityshallincludethe hydrogenin the hydride aswell as thehydrogenin gaseoudorm
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SO 16111 Hydrdgen

INTERNATIONAL ISO
STANDARD 16111

First edition
2008-11-15

Transportable gas storage devices —
Hydrogen absorbed in reversible metal
hydride

Appareils de stockage de gaz transportables — Hydrogéne absorbé
dans un hydrure métallique réversible
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From ISO 16111 Hydrogen

4 P

RCP. Ratedchargingpressureensured Cﬂi“,| :

RCP 4+ Pressurecorrespondingto design stressimit Cﬁi= .V??????| .
PT + Test pressure of thehell (<250 bar)
MDP 4+ Maximumdeveloppedpressure <0,8 PT

(generallyat 65°C)

Designstrength:
WLy O 7 1,40 Q@ Oy 4g

Il

EMPIR B =5
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From SO 16111

Hydrdgen

Firetest
w1l MH tank

Bursttest
w3 MH tank

Drop test
wl MH tank

| eaktest

w1l MH tank

Hydrogen
cycling
w5 to 6MH tank

Thermal
cyclingtest
w5 to 6 MH tank

Shutoff valve
Impact test

w3 MH tank

Batch test

+ w Pressurizéo
destruction
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From 1SO 16111 Hydrdgen

Cycle test

for thoseusedin a single orientation 5 tanksin that orientation

for those usedin a single orientation 2x3 tanksin perpendicularorientation, horizontal
and vertical

cyclebetween <5% of RC and >95% of RC
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at pressure PRCHor loading(and forunloading?) o e i @ g
50 cycles vibrate 50 cycles vibrate 50 cycles [P
o /
N

minimum number of cycles

repeatuntil if strain measuredat loadedstate
U for gageswith strain>0,5strain designlimit isstableC success
U isexeedingthe strain designlimit or plastificationis observedC failure

»
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Measurement techniques HLJ('JI'OQE’I'\

Measurement
techniques

Direct Direct
Gravimetric Volumetric
technique technique

Flowintegration
technique

Mass flow
technique

Volume flow
technique

C, [H/M] Direct pressureneasurements not relevant
EMPIR B e
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Measurement tech . d Mass measurement Hl_Jclrégen

Theideais simplyto weigththe absorbedgas(hydroger)

Needveryprecisescaleas Haslight :
AB tank : 0,8 kg H2 / 100 kg system

A lot ofuncertaintiescomingfrom :
T weigthandstiffnessesf connection
T air movementaroundthe tank

SCALES .
EMPIR H -~
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