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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. Specifically, the proposed 

sensors are based on variation of the resistivity and the 

magnetic properties. We present the preliminary results. 

The measured results confirm the possibility to determine 

the state of charge of the LaNi5 hydrogen storage devices 

using the variation of the resistivity while the study of the 

magnetic properties is under progress.   
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I.  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 emit 

[1]. 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 forms such as pressurized gas, cryogenic 

liquid, solid fuel as chemical or metal hydride 

compounds. Metal hydrides provide safety advantages 

over high pressure, compressed storage or low 

temperature, cryogenic storage, as the hydrogen is stored 

in a solid metal matrix at a low pressure with a slow 

release rate. These metal hydrides are promising mediums 

for portable hydrogen-powered generators. However, an 

important challenge with the metal hydride storage 

devices concerns the hydrogen metering techniques. The 

current 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 specific 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 determine the 

hydrogen content. Indeed, we propose to monitor the 

hydrogen content through the variation of the electrical 

properties of the storage material (LaNi5). Specifically, 

the proposed sensors are based on variation of the 

resistivity and the magnetic properties. The theoretical 

approach and the preliminary results are presented. 

II. THEORY 

The metal hydrides have phases that are named the α 

phase, where the metal begins to absorb hydrogen, and the 

β phase, where the metal 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 

of hydrogen changes.  

 

 

Figure 1.  Typical PCT curve for LaNi5. 

Several studies have focused on the characterization of 

intermetallic compounds. The electrical resistivity for 

various hydride compounds, such as the MmTm3, the 

MmNi4.5Al0.5 and the LaNi5, has been characterized [2-6]. 

The studies illustrate that the resistivity varies with 

hydrogen. Especially, the resistivity of the LaNi5 

decreases during the absorption of hydrogen. In other 

hand, the magnetic properties vary also with the hydrogen 

content. The susceptibility of the LaNi5 is affected by the 

concentration of hydrogen absorbed by the         

compound, as discussed in several researches [7-9].  

A. Proposed Sensing Principles  

The recent technologies of micromachining make it 

possible to manufacture compact and low cost sensors 
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suitable for embedment in the hydrogen storage device. 

The mass production of these technologies helps to reduce 

the estimated 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 estimated by measuring 

the resistance between the electrodes.  

  

C. Susceptibility 

The susceptibility of the LaNi5 changes with the 

concentration of hydrogen. The state of charge is 

estimated by measuring an inductance embedded in the 

LaNi5 storage device. The susceptibility variation 

modifies the inductance value. Fig 2b presents both 

sensing approaches.  

 

 
Figure 2.  The proposed sensor device :  

a) resistive sensor and b) inductive sensor. 

III. SIMULATED RESULTS 

The simulations, using a finite element simulator, were 

performed with the parameters and the data presented in 

Table I. While the LaNi5 powder is presenting large 

grains, the parameters for the bulk material have been 

used. The simulated model includes the variation of the 

electrical properties of the LaNi5 according to the 

hydrogen content.  

 
TABLE I 

PARAMETERS USED FOR THE SIMULATIONS 

H2 State Parameter Unit Value 

Charged 

   

Resistivity [5] m 430 

Susceptibility [9] m3/Kg  16,3 X 10-9 

Empty 

   

Resistivity [5] m 10 

Susceptibility [9] m3/Kg  57,8 X 10-9 

 

 
Figure 3.  Simulated Current Density (A/m2) . 

 
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 current 

distribution in the material. While the electrodes’ spacing 

is quite small compared to the LaNi5 volume, the current 

distribution is present only in a local region. Additional 

characterization are required to determine 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 of hydrogen.  

 

Figure 4.  Automated Test Bench for Electrical Characterization during 

the absorption and desorbtion of hydrogen 
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B. Resistivity Measurement 

The experiment was conducted on a sample of 254 

grams of LaNi5, with a temperature controlled chamber of 

23
o
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. 

 

Figure 5.  Variation of resistance during hydrogen absorption 

 

Figure 6.  Variation of resistance 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 LaNi5 must be taken into 

account. The measured resistance of the wire used in the 

test bench is 0.325 while the contact resistance is 

estimated at 0.125. Table II presents the measured 

results and the simulated results including the correction 

for the wire and the contact. 

 
TABLE III 

COMPARISON BETWEEN EXPERIMENTAL  

AND SIMULATED RESULTS 

H2 State Parameters Unit Value 

Charged 

   

 Simulated Resistance 
with corrections 

 0,4513 

Measured Resistance  0,445 

Empty 

   
Simulated Resistance 

with corrections 
 0,4685 

Measured Resistance  0,464 

 

Further experimentation is necessary to determine if 

the resistive sensors are suitable for this application. The 

effects of the temperature have to be investigated. 

C. Developped Sample 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. 

  

 

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 LaNi5 by 

presence or absence of hydrogen [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. 
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We calculate the inductance of the magnetic 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 by the number of turns of the coil and 

everything is divided by the current, see equation 1[10]. 

   
     

 
 

where L represents the inductance, N is the number of 

turns of the inductance, B is the magnetic field, ds is the 

variation of the surface and finally I is the effective 

current. 

B. Developped Magnetic Sensor 

We propose to fabricate the inductive sensor on an 

alumina substrate. The proposed inductive sensors will be 

fabricated using a three-mask process. First, a 40 nm layer 

of evaporated chromium and a 1 μm layer of gold are 

defined using a typical bi-layer lift-off technique. Next, a 

30 nm TiW adhesion layer and a 0.7 μm 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 1.0μm thick electroplated gold on a 100 nm Au 

seed layer. Fig. 8 shows the proposed inductive sensor. 

 
 

Figure 8.  Inductance Sensor 

VI. CONCLUSION 

In this article, we presented the development of an 

embedded sensor in a solid-state hydrogen storage device. 

Two approaches 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 determine if the resistive 

sensors are adaptable to other metal hydride such as 

magnesium. On the other hand, the variation of the 

magnetic properties seems a good alternative. An 

inductive sensor is currently under development.  
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