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The increasing use of hydrogen as a clean energy carrier necessitates the development of 

materials capable of withstanding its challenging conditions. Semi-crystalline thermoplastic 

materials, because of their good gas barrier properties, are often considered for applications involving 

hydrogen storage and transportation. However, these materials face significant challenges when 

exposed to high-pressure hydrogen environments. 

One of the damages that occur in the thermoplastic liner of a type IV hydrogen tank (fig.1) is 

blistering. This happens because gas is absorbed by the material at high pressure, and stresses are 

generated when the decompression rate exceeds the rate at which the absorbed gas can escape by 

diffusion (see the schematic representation fig.2). The defects characteristic size is on the order of 

micrometers, making them difficult to detect. However, some damage layer in depressurized HDPE 

samples have been observed in literature as in T.A. Yersak et al [3] (fig.3).  

This study aims to investigate the degradation mechanisms of semi-crystalline thermoplastics 

in severe hydrogen conditions, focusing on the induced effects of damage on the mechanical and 

barrier properties of the materials. One of our objectives is to identify the observation and 

characterization techniques able to detect such micro-damage. Samples of semi-crystalline 

thermoplastics commonly used for liner manufacturing, including high-density polyethylene 

(HDPE), polyamide 6 (PA6), and polyamide 11 (PA11), are subjected to hydrogen exposure at 

pressures up to 700 bar until complete saturation and then rapidly depressurized (5MPa/s).  

Various characterization techniques, such as tensile testing, differential scanning calorimetry (DSC), 

dynamic mechanical analysis (DMA), and permeation tests, are employed to assess the mechanical, 

thermal, barrier, and microstructural changes in the materials. Observation techniques, such as 

tomography, SAXS, and transmitted light digital imaging, are employed to detect cavities resulting 

from rapid depressurization.  

  

   
                                                                                                                                                                                         

 

 

 

    Figure 1 : Type IV hydrogen tank [1]                                 Figure 2 : llustration of the diffusion phenomenon and blistering [2]                                

 
Figure 1: Cross section of HDPE monolayer liner before and after depressurization (from 87.5 MPa to 2MPa in 1, 3, 5, and 13 h 

depressurizations at 50 °C) observed by tomography [3] 
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