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courant de 10 mA. Il est nécessaire que la résistance totale soit de (9 V-2 V)*lO mA=700 Ohms. 

Si la résistance de base est de 500 Ohms, la résistance en série avec une diode électroluminescence 

sera de 200 Q. 
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Figure 4-19 Comparateur et DEL Circuit imprimé 

Un circuit imprimé est généralement composé d'un substrat sur lequel sont dessinées les lignes 

conductrices ainsi que les emplacements pour les composantes nécessaires à la conception de notre 

système et ces composantes seront par la suite déposées sur ces emplacements. Nous avons utilisé 

comme substrat une plaque de cuivre: le FR406 standard avec une épaisseur de 3,2 mm de grade 3 

et composé de revêtement de cuivre de 1 oz. Nous avons appliqué des plans de masque sur le circuit 

imprimé soit un plan de masque suT le dessous pour la masse et sur le dessus de nous en avons 

inséré deux soit : pour le 9V et l'autre est pour le -9V. Par la suite, nous avons dessiné chacune des 

pièces utilisées sur le montage grâce au logiciel Layout Plus. Orcad, un outil de Cadence, permet 

de faire un lien direct avec le logiciel ce qui nous a permis de faire les plans de chaque étage de 

notre circuit. Une fois les liens entre chaque pièce et chaque dessin de pièce rattachés à la bonne 
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composante, nous avons pu obtenir le circuit imprimé illustré à la Figure 4-20 et 4-21 (pour bien 

voir ce dernier, nous avons retiré les plans de masque). 

Figure 4-20 Dessin du circuit imprimé 
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Figure 4-21 Photo du circuit imprimé 

Une fois le circuit imprimé testé, il a été nécessaire d'y apporter quelques changements. 

Premièrement, la modification du 500 V pour du 500 mV, car en utilisant la petite tension le signal 

étant trop bruité, nous avions de la difficulté à obtenir des résultats. Deuxièmement, nous avons 

également dû enlever l'étage d'amplification finale, car nous avions déjà la bonne tension (voir le 

nouveau schéma bloc du design sur la Figure 4-22) 
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Figure 4-22 Photo du circuit imprimé 



72 

5 Conclusion 

Rappelons l'objectif du présent projet de recherche: la conception d'un système de mesure de 

concentration d'hydrogène dans un cylindre rempli d'hydrure métallique. La concentration devait 

être mesurée à l'aide de microsonde, car il y avait très peu d'espace dans un réservoir de 50ml 

d'hydrure métallique. 

Pour débuter, nous avons construit nos sondes et leur support. Le diamètre des sondes de 

O,5mm correspond à des fils de grosseur A WG 24. Elles sont insérées dans le réservoir à travers 

une tige de plastique directement reliées à notre plateforme de test, conçue à l'aide de LabVIEW. 

Cette dernière indique la valeur résistive qui se trouve entre les deux sondes à l' intérieur de 

l'hydrure métallique. L'autre extrémité raccordée à une plateforme appelée PCT permettra de 

recevoir ou de retirer l'hydrogène de l'hydrure métallique. 

À l'aide des sondes, nous sommes parvenus à reproduire les courbes d'absorption et de 

désorption telles qu'illustrées dans plusieurs recherches sur le Lanthane Nickels; soit les phases n, 

n +~ et ~ qui sont les phases du début de l'absorption du LaNi5, l'absorption et la phase maximale 

du LaNis respectivement. De celle-ci, nous avons pu observer l'évolution de la résistance de ce 

matériau dans chacune de ces phases pour conftrmer que la résistance baisse lors de l'absorption 

et revient à son maximum lors de la désorption. 

Par la suite, nous avons refait l'expérience en simulation à l'aide de Comsol, un logiciel 

d'éléments [mis. Connaissant les caractéristiques des sondes, nous avons pu recréer notre 

expérience et obtenir une fois de plus les résultats expérimentaux précédents. Ce qui a démontré 

que la lecture indiquait une résistance locale dans notre échantillon. Nous avons émis l'hypothèse 

que le LaNi5 est homogène lors de son absorption d'hydrogène ainsi que lors de sa désorption. Ces 
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résultats ont été publiés lors de la conférence IARIA 2011 à Nice en France. (Voir l'article: 

« Embedded Sensor for Solid-State Hydrogen Storage Deviees» en annexe) 

Afin de continuer, nous avons refait les courbes de désorption et d'absorption selon la 

concentration d'hydrogène dans le volume au lieu d'en fonction du temps. Les résultats obtenus 

sur le PCT ont été corrigés par un facteur de correction de 0,000412074 par rapport au pourcentage 

d'hydrogène total recueilli dans notre échantillon, tel qu'expliqué précédemment. À partir de ces 

résultats, nous avons refait notre simulation et nous en avons ressorti une fonction mathématique 

pour décrire la résistance selon la concentration d'hydrogène dans le Lanthane Nickels. La fonction 

mathématique est la suivante: 

(YLaNiS= -429.2c4 + 714.3c3 
- 165c2 + 14.5c + 2.3. 

Nous avons poursuivi en regardant le facteur de répétition sur une période de quelque mois et 

nous nous sommes aperçus que la tendance reste la même sur plusieurs mois. Grâce à ces trois 

derniers résultats nous avons pu rédiger un second article, cette fois-ci, dans le cadre de la 

conférence IEEE Sensors 20 Il à Limerick en Irlande, qui paru sous le nom : «Accurate Sensor 

for LaNi5 Hydrogen Storage Deviees », (voir en annexe) 

Pour terminer, au cours de ma maîtrise j'ai commencé à développer un prototype pour connaitre 

la concentration d'hydrogène dans un réservoir rempli de LaNis. Le circuit a été pensé et construit 

à l'aide des logiciels suivant : Orcad et Layout de Cadence, ces logiciels servent à produire, 

respectivement, les schémas électriques nécessaires à notre circuit et le logiciel Layout Plus est là 

pour concevoir le circuit imprimé de notre montage. Nous avons remarqué, une fois la conception 

réalisée, qu'il existait certains petits problèmes qui nous ont empêchés de faire la phase finale soit 

de connecter le circuit sur 1 'hydrure métallique. Il nécessiterait de mettre un pont de Wheatstone 
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ajustable. Ceci permettrait d'être plus centré sur la résistance que nous voulons connaître pour 

connaitre la concentration d'hydrogène dans le réservoir. 
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Abstract- In this paper, we present two potential sensors 
used to monitor the state of charge of a solid-state hydrogen 
storage device. The embedded sensors are based on the 
variation of the electrical properties of the storage material 
related to the hydrogen content. SpecificaUy, the proposed 
sensors are based on variation of the resistivity and the 
magnetic properties. We present the preliminary results. The 
measured results confrrm the possibility to determine the 
state of charge of the LaNis hydrogen storage devices using 
the variation ofthe resistivity while the study of the magnetic 
properties is under progress. 

Keywords: Embeded sensorj hydrogen monitoring; metal 
hydridej solid-state hydrogen storage device 

1. INTRODUCTION 

The continuously growing demand in energy motivated 
the development of renewable energy sources. An 
interesting solution is hydrogen, an excellent energy 
carrier. Its use reduces pollution that traditional fuels ernit 
[l] . There are several products on the market using this 
energy vector such as cars, buses, power generators, 
electronic devices and appliances. The hydrogen storage 
devices are clearly one of the important components in the 
portable hydrogen energy systems. The hydrogen can be 
stored in various forrns such as pressurized gas, cryogenie 
liquid, solid fuel as chemical or metal hydride compounds. 
Metal hydrides provide safety advantages over high 
pressure, compressed storage or low temperature, 
cryogenie storage, as the hydrogen is stored in a solid metal 
matrix at a low pressure with a slow release rate. These 
metal hydrides are prornising mediums for portable 
hydrogen-powered generators. However, an important 
challenge with the metal hydride storage devices concems 
the hydrogen metering techniques. The CUITent approach 
consists in estimating the remaining hydrogen in the 
storage device based on electrical energy consumption. 
This solution is not precise and needs to be replaced by a 
specifie sensor. The commercial products need low cost 

and compact sensors embedded into the metal hydride 
devices for the hydrogen metering. 

This paper presents two approaches for the 
development of sensors embedded in the solid-state 
hydrogen storage devices to evaluate the state of charge. In 
this work, the storage material is the lanthanum nickel 
hydride (LaNi5). As opposed to the gaseous form, the 
pressure measurement cannot be used to deterrnine the 
hydrogen content. Indeed, we propose to monitor the 
hydrogen content through the variation of the electrical 
properties ofthe storage material (LaNi5). Specifically, the 
proposed sensors are based on variation of the resistivity 
and the magnetic properties. The theoretical approach and 
the prelirninary results are presented. 

II.THEORY 

The metal hydrides have phases that are named the a 
phase, where the metal begins to absorb hydrogen, and the 
~ phase, where the meta} is returned to its absorption 
maximum. These phases change depending on the 
substance used. Fig. 1 illustrates the variation of the 
pressure during the hydrogen absorption and desorption. 
Clearly, the pressure remains constant even if the amount 
ofhydrogen changes. 
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Figure 1. Typical PCT curve for !.aNiS. 



Several studies have focused on the characterization of 
interrnetallic compounds. The electrical resistivity for 
various hydride compounds, such as the MmTm3, the 
MmNi4.5AlO.5 and the LaNis, has been characterized [2-6] . 
The studies illustrate that the resistivity varies with 
hydrogen. Especially, the resistivity of the LaNis decreases 
during the absorption of hydrogen. In other hand, the 
magnetic properties vary also with the hydrogen content. 
The susceptibility of the LaNis is affected by the 
concentration ofhydrogen absorbed by the compound, 
as discussed in several researches [7-9] . 

A. Proposed Sensing Princip/es 

The recent technologies of micromachining make it 
possible to manufacture compact and low cost sensors 
suitable for embedment in the hydrogen storage device. 
The mass production of the se technologies helps to reduce 
the estiroated cost of the sensors and measuring circuits to 
less than a few dollars per unit. The variation of the 
electrical properties of the hydrogen storage material, in 
this case LaNi5, will affect the output of the sensor. 

B. Resistivity 

The resistance of the LaNi5 changes with the 
concentration of hydrogen. The measurement device is 
based on two conductive electrodes in contact with the 
LaNi5. The state of charge is thus estiroated by measuring 
the resistance between the electrodes. 

C. Susceptibility 

The susceptibility of the LaNi5 changes with the 
concentration ofhydrogen. The state of charge is estimated 
by measuring an inductance embedded in the LaNis storage 
device. The susceptibility variation modifies the 
inductance value. Fig 2b presents both sensing approaches. 

Inductance 

Figure 2. The proposed sensor device : 
a) resistive sensor and b) inductive sensor. 

III. SIMULATED RESULTS 

The simulations, using a [mite element simulator, were 
perforrned with the parameters and the data presented in 
Table 1. While the LaNi5 powder is presenting large grains, 
the parameters for the bulk material have been used. The 
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simulated model includes the variation of the electrical 
properties of the LaNi5 according to the hydrogen content. 

TABLEI 
PARAMETERS USED FOR THE SIMULATIONS 

H2 State Parameter 

Charged Resistivity [5] 
Susceptibility [9] 

Empty Resistivity [5] 

Susceptibility [9] 

Unit 

Iillm 
m3fKg 

Iillm 

m3fKg 

Value 

430 
16,3 x 10.9 

10 

57,8 X 10.9 

Figure 3. Simulated Current Density (Alm2
) . 

TABLE II 
SIMULATED RESULTS USING A FINITE ELEMENT SIMULATOR 

H2 State Parameters Unit Value 

Charged Resistance 0,018530 

Empty Resistance 0,001307 

The resistance variation is 1,72% between the charged 
and the empty states. However, Fig. 2 shows the CUITent 
distribution in the material. While the electrodes' spacing 
is quite small compared to the LaNi5 volume, the CUITent 
distribution is present only in a local region. Additional 
characterization are required to deterroine if longer 
electrodes are needed. 

IV.ExpERIMENTAL RESULTS 

A. Proposed Test Bench 

The PCT (pressure, Composition and Temperature) test 
bench enables the absorption and desorption of hydrogen 
by controlling its pressure and temperature. We have set a 



Labview platform that captures the data with external 
equipment. The test devices are: a multimeter, an LCR 
meter, an oscilloscope and a function generator. This 
allows monitoring in real time of the sensor and observes 
its evolution in relation to the change ofhydrogen. 

Figure4. Automated Test Bench for Electrical Characterization during 
the absorption and desorbtion of hydrogen 

B. Resistivity Measurement 

The experiment was conducted on a sample of 254 
grams of LaNis, with a temperature controlled chamber of 
23°C. The procedure of charging the metal hydride with 
hydrogen was to: first fill an adjacent tank, then monitor 
the hydrogen pressure of the reservoir and that of the 
sample, and when the storage tank was filled to capacity 
and we had a pressure of 2800kPa, close the valve of 
hydrogen and open the valve of the sample so that the metal 
hydride would charge. The changing value of the resistance 
was collected through an automated test bench. Here are 
the data stored. 
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Figure 5. Variation of resistance during hydrogen absorption 
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Figure 6.Variation ofresistance during hydrogen desorbtion 

The simulations illustrate a perfect contact between the 
block of metal and the electrodes. The resistance of the 
wire and the contact with the LaNis must be taken into 
account. The measured resistance of the wire used in the 
test bench is 0.3250 while the contact resistance is 
estimated at 0.1250. Table II presents the measured results 
and the simulated results including the correction for the 
wire and the contact. 

TABLE III 
COMP ARlSON BETWEEN EXPERIMENTAL 

AND SIMULATED RESULTS 

H2 State Parameters Unit Value 

Charged 
Simulated Resistance 

il 0,4513 
with corrections 

Measured Resistance il 0,445 

Empty 
Simulated Resistance 

il 0,4685 
with corrections 

Measured Resistance il 0,464 

Further experimentation is necessary to deterrnine if the 
resistive sensors are suitable for this application. The 
effects of the temperature have to be investigated . 

C. Developped Sam pIe Holder 

The sample-holder that contains the sensor was 
assembled by stereolithography. The fabrication was done 
at the University du Québec à Trois-Rivières. In our case, 
we used polymer to achieve the coveted results. The circuit 
was glued with epoxy. An electrical feedthrough allowed 
the connection of the embedded sensor to the automated 
test bench. 



Sensor holder 

Figure 7. Developped Sample Holder Used in the Projet 

V. FUTURE WORK 

A. Theory of Magnetic Properties 

Alternatively, we begin to study another phenomenon, 
which will reveal the hydrogen content in the sample. The 
other feature is the variation of the magnetic powder which 
is influenced by the presence of hydrogen. What will be 
revealed is the concentration of the entire surface of the 
cylinder and not just of a specific place. Studies clearly 
show the variation in susceptibility of LaNis by presence or 
absence ofhydrogen [8, 9] . 

We will discuss this feature by using inductance 
directly in the sample. The inductance is not required to be 
in contact with the powder as opposed to resistivity. We 
calculate the inductance of the rnagnetic field in relation to 
the surface. This relationship has a direct effect on the 
value of the inductor, because it is the latter, which is 
multiplied bythe number oftums of the coil and everything 
is divided by the current, see equation 1 [10]. 

L = N/Bds 
1 

(1) 

where L represents the inductance, N is the number of tums 
ofthe inductance, B is the magnetic field, ds is the variation 
of the surface and finally 1 is the effective current. 

B. Developped Magnetic Sensor 

We propose to fabricate the inductive sensor on an 
alumina substrate. T4e proposed inductive sensors will be 
fabricated using a three-mask process. First, a 40 nm layer 
of evaporated chromium and a 1 J.Ull layer of gold are 
defined using a typical bi-layer lift-off technique. Next, a 
30 nm TiW adhesion layer and a 0.7 Ilm PECVD silicon 
oxide layer is deposited and dry-etched in a reactive ion 
etching chamber in the second photolithography step. This 
oxide layer is used as the insulator between the inductance 
and the LaNi5. Finally, the bridge is formed using a 1.0J.Ull 
thick electroplated gold on a 100 nm Au seed layer. Fig. 8 
shows the proposed inductive sensor. 

4,6 mm 

Open Pad 

4mm 

IGoid 
IVia 
IAir bridge 

Figure 8. Inductance Sensor 

VI. CONCLUSION 
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In this article, we presented the development of an 
embedded sensor in a solid-state hydrogen storage device. 
Two approàches are currently studied based on the 
variation of the electrical properties of the storage material. 
The resistive solution has been validated with experimental 
measurements. While the resistance decreases in the 
presence of hydrogen. Further experimentation is 
necessary to deterroine if the resistive sensors are adaptable 
to other metal hydride such as rnagnesium. On the other 
hand, the variation orthe rnagnetic properties seems a good 
alternative. An inductive sensor is currently under 
development. 

ACKNOWLEDGMENT 

This research was supported by the NSERC Hydrogen 
Canada (H2CAN) Strategic Research Network. The 
authors also gratefully acknowledge P ALCAN Energy 
Corporation for the financial contribution. The authors are 
thankful to Dr. Jacques Huot and his team for their support. 

REFERENCES 

[1] U. D. of Energy, "hydrogen from coal program research, 
development, and demonstration plan for the period 2009 through 
2016," D. o. Energy, Ed., ed, 2009. 

[2] A. L. Mohana Reddy, G. Srinivas and S. Rarnaprabhu, "Hydriding 
and electrical resistivity properties of MmTM3-hydrogen (TM=Fe, 
Co and Ni) system," International Journal of Hydrogen Energy, vol. 
32,pp. 3356-3362,2oo7. 

[3] 1. P. Jain, Y. K. Vijay and M.I.S. Dakka, "Electrical resistance 
variations with content of hydrogen in bulk MmNi4.5AlO.5," 
International Journal of Hydrogen Energy, vol. 27, pp. 85-90,2002. 

[4] A. Vashistha, P. Shanna, G. Agarwal and I.P. Jain, "Hydrogen 
absorption mechanism in obliquely deposited MmNi(4.5)Al(0.5) thin 
film," International Journal of Hydrogen Energy, vol. 33, pp. 404-
407, Jan 2008. 



[5) F. Ishikawa,H. Tega, 1. Yamamoto and M. Yamaguchi, 
"Relationships between the electrical resistivity and the metal hydride 
phases," Jal/mal of Alloys and Compol/nds, vol. 231 , pp. 182-187, 
Dec 1995. 

[6) G. Adachi,K. Niki and J. Shiokawa, "The effect of hydrogen 
absorption on the electrical resistivities of LaNi5 and 
MmNi4.5MnO.5 films (Mm [triple bond; length as m-dash) misch 
metal)," Jal/mal of the Less Common Metals, vol. 88, pp. 213-216, 
1982. 

[7) L. T. Tai, B.T. Hang, N.P.Thuy and T.D. Hien, "Magnetic properties 
of LaNi5-based compounds,!' Jal/mal of Magnetism and Magnetic 
Materials, vol. 262, pp. 485-489, Jun 2003 . 

81 

[8) T. P. Blach and E. M. Gray, "Magnetic properties of the LaNi5-H 
system," Journal of Alloys and Compounds, vol. 253, pp. 336-338, 
May 1997. 

[9) L. Schlapbach, "Magnetic-properties of LANI5 and their variation 
with hydrogen absorption and desorption," Journal of Physics F­
Metal Physics, vol. 10, pp. 2477-2490, 1980. 

[10)M. N. O. Sadi.ku, Ed., "Elements of electtromagnetics," New York: 
Saunders col1ege 1989, p.357 



, 
8 Annexe B - Publication A La Conférence Sensor IEEE 2011 

Accurate Sensor for LaNis Hydrogen Storage Deviees 

Denis Marcotte and Frédéric Dorningue 
Institut de recherche sur l'hydrogène 

Université du Québec à Trois-Rivières 
Trois-Rivières, Canada 

E-mail: denis.marcotte@ugtr.ca. frederic.domingue@ugtr.ca 

Abstract- In this paper, we present an accurate sens or used to 
monitor the concentration of hydrogen in a LaNis solid-state 
hydrogen storage device. The monitoring technique is based on 
the variations of the electrical properties of the storage material 
related to the hydrogen content. The sens or uses the electrical 
resistance of the sample which is directly linked to the hydrogen 
concentration. A fmite element model is presented to simulate the 
resistivity variations during hydrogenation. 

Keywords-componentj Accuate sensorj hydrogen monitoringj 
metal hydridej solid-state hydrogen storage device 

1. INTRODUCTION 

The renewable energy resources are becoming more 
privileged in the word. An interesting solution is hydrogen, an 
excellent energy carrier. Hydrogen can be stored in various 
forms such as pressurized gas, cryogenic liquid, solid-state fuel 
as chernical or metal hydride compounds. Solid state storage 
happens when hydrogen is combined with a metal or metal 
alloy that absorbs hydrogen atoms to form a metal hydride. 
Certain metal hydrides are stable compounds and are prornising 
mediurns for fuel cell systems offering clean and reliable 
hydrogen storage for portable and backup power applications. 
Their most important characteristic is the security aspect. For 
the same quantity of energy, solid-state takes less space than 
other storage methods. However, an important challenge with 
metal hydride storage devices concems the hydrogen 
monitoring techniques. The same devices can't be used to 
measure the hydrogen concentration as with other types of 
storage. For instance, the measuring device used for pressurized 
gas storage is a pressure gauge. These pressure-gauges are not 
usable with solid-state storage because the pressure remains 
fairly stable even if the hydrogen concentration varies. Our 
solution is to monitor the resistance of the lanthanum nickel 
hydride, to evaluate the concentration ofhydrogen. 

Several papers were written on the effect of the 
hydrogenation on the electric properties of metal hydrides. The 
electric resistivity of LaNis, was characterized by many 
researchers [1-4] . These studies illustrate that the resistivity of 
LaNis varies with the hydrogen content. It decreases during 
absorption and increases during desorption. 

Our results show the effect of hydrogenation on LaNis 
powder. In this work, we present a resistive sensor used to 
monitor the concentration of hydrogen in a LaNis solid-state 
storage device. The data acquired by the sensor are directly 
related to the hydrogen concentration in the storage device. A 
fmite element model is presented to estirnate the resistivity 
variations during hydrogenation. The theoretical approach and 
experimental results are presented. 

II.PROPOSED SENSING PRINCIPLES 

The resistance of LaNis changes with its hydrogen 
concentration [5]. The resistance measurement device is based 
on two conductive electrodes in contact with LaNis as shown in 
Fig. 1. The state of charge is estimated by measuring the 
resistance between the electrodes. 

This measurement device is very compact, which is very 
important since it must not occupy a large space in the metal 
hydride reservoir. These devices are not very expensive to 
produce and their manufacturers can produce them in series 
which helps to reduce cost which is estimated to sorne dollars 
per unit. 

Tc PCT gaz inle! 

Figure 1 Sample Tank with connection 
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III. SIMULATED RESULTS 

A. Simulation 

The simulated model includes the variation of the electrical 
properties of the LaNi5 according to the hydrogen 
concentration. The hydrogen concentration is represented by 
the evolution of the electric conductivity of the hydride metaL 
The charged state and the empty state are simulated with a 
weU-defmed electrical conductivity. Concerning the charged 
state, the electrical conductivity is 10,000 Sim and the empty 
state, the electric conductivity is 2325 .28 Sim [5]. These data 
allow simulating the density of the CUITent in the 
LaNi5 (Fig. 2). 
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Figure 23 Simulated Current Density (A/m2) . 

The simulation illustrates that the resistance is affected near 
the electrodes only. This gives us a very located measurement 
of the concentration of hydrogen in the cylinder. We thus 
assume that the hydrogen concentration is uniform in an the 
volume. 

Subsequently, we simulate the evolution of LaNis 
resistance which is associated to the electrical conductivity. 
We performed this simulation for certain values of the 
resistivity between the empty state and the fun state as shown 
in Fig. 3. These results represent the internaI resistance of the 
lanthanum nickel hydride volume. The curve illustrates that the 
relation between the resistance of LaNis and the electric 
conductivity is not linear. 
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Figure 24 Resistance variation according to the electrical conductivity 
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B. Simulation with Parasitics Effects 

Having noticed the evolution of the resistance, we had to 
consider certain parasitic values, which corresponds to certain 
contacts among, like the cab les and the electrodes as weIl as 
the contact between these and the lanthanum hydride. The 
material used to make the probe and the wires is the copper. 
The length of the wites and the probes are respectively 
45.62 cm and 31.4 mm and their radius is 0.5 mm. As a result, 
a parasitic resistance of 0.1905 ohms is added, which is more 
than the previous results. Fig. 4 shows the resistance between 
the empty and charged state of the metal hydride including the 
additional parasitic. 
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Figure 25 Resistance variation including the parasitic effects 

IV. PROPOSED TEST BENeH 

The PCT (pressure, Composition and Temperature) test 
bench controls the procedure of absorption and desorption of 
the metal hydride with hydrogen (Fig. 5) [5]. Firstly, the 
procedure consists on closing aIl automatic valves. Then, there 
is an opening manual valve that connects the tested sample to 
the PCT. Under normal operation of the test bench, the metal 
hydride is fiIled with hydrogen from 20 kPa to 500 kPa with 
pressure steps of 50 kPa. 

The PCT operates automatically the foUowing steps: 

a) Open hydrogen valve and tank valve; 

b) Fill the tank to the desired pressure; 

c) Close hydrogen valve; 

d) Open automatic valve of the sample; 
e) Wait for the pressure to stabilize in the system; 

j) The pro gram gathers the pressure and the 
concentration; 

g) Points a to f are repeated uotil the maximum 
pressure is reached. 
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Figure 26 PCT test bench 
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The sample is a reservoir of 50 cm3 with two outlets which 
are connected on one side by a hermetic feedthrough and on 
the other end, connected to the PCT to receive the gas. In 
addition, the temperature of sample is controlled by a thermal 
bath. The feedthrough is connected with an autornated 
platform which collects the value of the resistance in the metal 
hydride as presented in Fig. 6. This platform is controlled with 
the LabView software from National Instrument. The 
measurement are performed using a digital multirneter: GDM-
8251A [5]. The complete test system is presented in Fig. 7. 
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Figure 28 Test bench 

V. EXPERIMENTALRESULTS 
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In this section we describe the process of experimentation in 
order to store hydrogen in LaNis. The experiment was 
conducted on 254 grams of LaNi5. The temperature of the 
sample was controlled at 25 oC by a thermal bath. Fig. 9 shows 
the resistance variation during the hydrogen absorption and 
desorption. 
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Figure 8 Resistance variation during hydrogen absorption 
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The evolution of the resistance according to the 
concentration of hydrogen implies the evolution of the 
electrical conductivity, presented Fig. 10. 
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Figure 9 Electrical conductivity versus hydrogen concentration 

The relationship between the electric conductivity and the 
concentration of hydrogen, represented above, allowed us to 
define a polynomial function of the fourth order (1), which can 
be used under COMSOL. 

Where c (unit: %wt) represents the hydrogen concentration 
and O'LaNiS (unit: kS/m) is the electrical conductivity. 

Table 1 illustrates the concentration of hydrogen with 
regard to its resistance. This new theoretical model represents 
very well what takes place in an experirnental way with a very 
low percentage of error. 

TABLE 1 
COMPARISON BETWEEN THE COMPUTED 

AND MEASURED RESULTS 

Hydrogen Resistance (Ohms) Relative Error 
Concentration 

Computed Measured 
(%) 

0.02 0.2093 0.2029 3.08 

0.08 0.2048 0.2047 0.03 

0.28 0.1981 0.1988 0.32 

0.36 0.1948 0.1950 0.10 

0.46 0.1931 0.1908 1.l9 

0.60 0.1923 0.1901 1.l2 

0.81 0.1918 0.1895 1.23 

This experirnent has been repeated several tirnes and 
Fig. Il shows the variation of resistivity' s for the empty state 
and filled state according to the time. These results are very 
consistent over an extended period. 
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VI. CONCLUSION 
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In this article, we presented the development of an accurate 
sensor in a solid-state hydrogen storage device. The approach 
is currently based on the variation of the electrical properties 
of the storage material. Furtherrnore, we elaborated model for 
the simulations to know the resistance according to 
concentration ofhydrogen of the metal hydride. In our future, 
we are going to conceive an autonomous platforrn that 
indicates the hydrogen concentration in our metal hydride 
storage device. We are currently designing a dedicate 
measurement circuit that will indicate the hydrogen 
concentration in the metal hydride storage device. 
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