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1. Introduction

Different indicators ranging from political actions, low 
carbon hydrogen production and growing projects around 

the world, reflect a remarkably accelerated progress in the 
Hydrogen Technologies development targeted to a 
zero greenhouse gas emissions scenario [1–3]. Clean hydro-

gen adoption towards such scenario stil l finds bottlenecks 
either in the infrastructure development, clean hydrogen 
production costs and the use of hydrogen in new applica-
tions.  

Efficient hydrogen storage is among the technical issues 
that need to be solved to drive such adoption of clean hy-
drogen. In that sense, reversible reaction of hydride-forming 
materials (HFM) with hydrogen made these materials good 

candidates for hydrogen storage as well as  for hydrogen 
compression, separation and purification technologies [4–
7]. This is due to the high volumetric hydrogen capacity, the 

wide range of temperature and pressures at which these 
materials can be operated and the possibility of tuning their 
properties regarding the application requirements  [5].  Alt-
hough these materials are widely investigated, there are 

some gaps between technical targets –e.g for onboard Hy-
drogen Storage- and their achieved operational conditions, 
that have limited the expansion of its use on a larger com-
mercial scale [8,9]. 

When used for hydrogen storage, these materials are 
presented either in pellets or in powder form and placed in 
metallic vessels. The considerable change in cell  volume of 

these materials during the reaction with hydrogen (from 
10% up to 35%) can exert significant mechanical stress upon 
the container vessel walls. This mechanical effect consti-
tutes a key factor in both the performance and safety of 

these reservoirs.  
 Even when some standard tests and recommended 

practices have been stated, and the investigations aimed at 

the comprehension of this behavior have been slightly in-
creased, the phenomenom stil l  has been scarcely reviewed 
[10–12] and further systematic research is needed to facili-
tate vessel design and optimization. Because most HFM de-

crepitate with cycling, changing particle size, porosity and 
effective density, the study of morphological changes , pow-
der flowability and stress induced on the container walls de-
pends on initial material properties and geometrical charac-

teristics of the reservoir: slenderness, wall thickness, filling 
level, among others. 

Neutron radiography is a useful technique for direct ob-
servation of HFM volume change with hydrogen reaction 
and morphological changes with cycling. Fig 1 is a neutron 

radiography of a vessel containing HFM after hydride de-
composition [13]. While in the hydride state the HFM occu-
pied the volume up to the wall, after decomposition its vol-

ume reduction is observable, both in the gap between the 
material and the walls and in the vertical crack near the cen-
ter of the bed. 

We have been studying the phenomenon by using LaNi5 

as hydride-forming material and complementary techniques 
to understand the effects of the material. The advantage of 
this AB5 type HFM is that they allow hydrogen to be stored 
and re-obtained under low pressure conditions and at room 

temperature. 
The aim of this work is to measure the strain induced on 

vessels containing HFM due to hydrogen absorption and to 

observe HFM compactation by cycling with the complemen-
tary use of neutron radiography technique. 

Fig. 1. Volume reduction after HFM dehydriding observed by 

neutron radiography. 

2. Experimental

The method of strain gauges was selected to record the
strain on different locations along the walls of two-cylinder 
vessels (Fig. 2).  The reactors were designed to be slender 

(height to inner diameter ratio >10) and thick to support sig-
nificant stress produced due to the expansion of the hydride 
forming material. 

Both pressure composition isotherms (PCI) and kinetics 
curves were obtained with samples of 17g of LaNi 5, while  
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tangential and axial strain were monitored. The measure-
ment chain consists of 8-strain gauges-signal conditioner 
modules-DAQ-PC. A standard Wheatstone bridge is included 

in the electronics and each strain gauge completes its 
bridge. By means of a calibration with inert gas and a con-
ventional cantilever beam method for calibration, it is pos-
sible to convert the voltage signal in the corresponding 

strain exerted by the powder samples. Several hydriding/de-
hydriding cycles were performed on each reactor. 

 Furthermore, neutron imaging was performed before 

and after the cycling of the samples to observe the changes 
in the fi l l ing level of the vessels. We have used the neutron 
radiography facility of RA-6 experimental nuclear reactor at 
Centro Atómico Bariloche, Argentina. 

 

 
Fig. 2. (left) reactors dimensions, (right) identification of the lo-

cation of the strain gauges in the wall and botton of the reac-

tors . 

3. Results 

Fig. 3 displays some representative strain masurements 
obtained in different experiments from the beginning till  
the end of the hydrogen sorption cycling. A thermal bath 

was used to avoid temperature effects.     
Only 30 cycles were performed using the reactor RC1 

because no appreciable strain could be identified. In the 
case of RC2, 100 cycles were performed and both tangential 

an axial strain could be measured. The strain behavior ex-
hibited a dependence with the hydrogen content, direction, 
hydriding or dehydriding reaction and number of cycles. 

Figure 4 displays in a comparative way the fi l l ing level of 
the material inside RC2 before and after the hydriding/de-
hydriding cycles. 

4. Discussion 

 For the thinnest reactor the strains could be appreciated 
from the beginning of the cycles , in contrast to the thickest 

one which showed more stiffness to the expansion of the 
material  and an smaller number of cycles were performed 
on it. This was attributed to the thick walls of RC1.  The main 

characteristics observed are: 1) the material decrepitate to-
wards the bottom of the vessels and this effect is more pro-
nounced increasing the number of cycles 2) this effect oc-
curs at the first few cycles and the powder must be shaken 

in order to recover the storage properties 3) there is a de-
pendence between the hydriding process and the strain on 
the walls 4) there is a dependence between the magnitude 

   

  

Fig. 3. Stra in gauges s ignals (sg0, sg1, sg2, sg3, expressed in mi livolt) 

and the calculated strains ε (expressed in microstrain units, 1µs=10-

6m/m). They were obtained from the calibration that links the voltage 

change ∆𝑉 𝐻𝐹𝑀 in the strain gauge sensors and the mechanical strain 

𝜀𝐻𝐹𝑀 exerted by the HFM on the walls of RC2.  The strain evolves with  

hydrogen concentration, which is related to the volume occupied by 

the material and therfore to the mechanical s tress. Furthermore, the 

magnitude and evolution of strains depends on cycl ing and wall loca-

tion (a and b). Pressure inside the reactor (Preactor) and flux (F) were 

measured simultaneously with the voltage signals. The figure corre-

sponds to the PCI (a and d) and kinetics absorption/desorption (b and 

c) experiments performed with the thinnest reactor. 

  

Fig. 4. Images obtained with neutron imaging: RC2 before (left) 

and after (right) cycl ing. The compaction of the MFH after sev-

era l  cycles is evident from the decrease of the filling level of the 

powder, as indicated with the arrow. Furthermore,  i t could be 

estimated quantitatively by ca lculating  the effective porosity 

∅ of the material that gives the void fraction inside the effective 

volume occupied by the material. It resulted that ∅ decreased 

around 20% due to the compaction, which varies as 1-∅. 
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of the strains and the height of the vessel 5) the magnitude 
of a equivalent pressure applied due to the mechanical ef-
fect of the material reaches at least 10 MPa, leading to the 
cracking of the vessel during the 100th cycle. 

5. Conclusions 

Measurements of strain exerted on the walls of thick cyl-
inder reactors were performed during hydriding/dehydrid-
ing cycles of an AB5 type alloy. Though the thickness of both 

reactors is comparatively thick regarding the works focused 
on this topic, significant strain and stress were identified. 
The way in which the powder moves and exerts forces on 

the walls while contraction/expansion occurs does not re-
spond to a strict l inear behavior with the hydrogen content. 
Both the strain gradient towards the bottom vessel and the 
appreciable decrease of the powder fi l l ing level reflect the 

decrepitation process responsible of the significant stress 
and the cracking of the vessel. Measured mechanical effects 
combined with a strategic tuning of wall elastic properties 

could lead to the use of the phenomenom in order to get 
information on the state of charge. 
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