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EXPERIMENTAL DATE OF HYDROGEN 
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CRITICAL FACTORS FOR 
INITIATION OF HYDROGEN 
EMBRITTLEMENT: 

• metal structure 

• field of hydrogen 
concentration in metal 

• temperature field 

• stress condition 

• strain rate of metal 
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EXPERIMENTAL DATE OF HYDROGEN 
EMBRITTLEMENT FEATURES 
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- true fracture stress of hydrogen chargeed metal 

- true fracture stress of hydrogen uncharged metal 

strain rate dependence  temperature dependence  

HYDROGEN ENHANCED LOCALIZED PLASTICITY 
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A SUBMICROCRACK FORMATION INSIDE OF 
GRAIN BY THE DISLOCATION MECHANISM 
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DEVELOPMENT OF HYDROGEN EMBRITTLEMENT 
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HYDROGEN INFLUENCE ON EDGE  
DISLOCATIONS PROPERTIES 
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А Cottrell atmosphere around 
single edge dislocation 

A Cottrell atmosphere around two 
edge dislocations 

Resulting force of interaction 
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• Dependences of resulting force at distance between 
dislocations for different concentrations of diffusible 

hydrogen in iron 
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HYDROGEN INFLUENCE ON EDGE  
DISLOCATIONS PROPERTIES 
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MATHEMATICAL MODEL OF HYDROGEN 
TRANSPORTATION BY EDGE DISLOCATION 
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A hydrogen 
concentration field 

around moving 
edge dislocation 
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microscopic diffusion theory 
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ENERGY OF SYSTEM:  
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CALCULATION OF HYDROGEN EMBRITTLEMENT 
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- fracture stress of grain in hydrogen charged metal 

- fracture stress of grain in hydrogen free metal 

FRACTURE STRESS OF IRON GRAIN 
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Dependences of uniaxial tension fracture stress of 
grain σН at grain size (Hall-Petch coordinates ) 
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FRACTURE STRESS OF IRON GRAIN 
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- fracture stress of grain in hydrogen charged metal 

- fracture stress of grain in hydrogen free metal 
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MACROCRACK GROWTH 
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–  specific surface energy 

–  specific plastic strain energy of  
    subsurface layer  

SP
E 

1. – macrocrack 

2. – plastic strain range 
before macrocrack tip 

3. – subsurface layer of 
plastic strain range 

4. – microdefect before 
macrocrack tip 
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