
Fe-Cr-Ni alloy
with Hydrogen

In general …
Hydrogen reduces

strength and ductility. 
(Hydrogen embrittlement)

However …
Hydrogen enhances

strength and ductility 
in some Fe-Cr-Ni alloy1). 

This effect more pronounced 
as hydrogen concentration increases1).

Hydrogen

depends on the chemical  
composition of Cr and Ni2),3).  

concentration… 

Hydrogen concentration, 𝑪𝑯
mass ppm
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Prediction method
1.  Calculate hydrogen absorption energy, 𝑬𝒂𝒃

in octahedral site which was consisted of Fe, Cr, Ni atom
by first-principles calculation

2. Calculate hydrogen concentration, 𝑪𝑯 from

𝑬𝒂𝒃 = 𝟎. 𝟏𝟖𝟔
−𝟎. 𝟎𝟔𝟒𝟔𝒏𝑪𝒓
−𝟎. 𝟎𝟏𝟕𝟕 𝒏𝑵𝒊

Cr and Ni decrease
hydrogen absorption 
energy
(increase hydrogen 
concentration)

hydrogen absorption energy
1. Randomly generated 100000

patterns of 6 combinations of Fe,
Cr, Ni (octahedral site) with
atomic ratio of alloys as probability.

2. Calculate hydrogen absorption
energy for each octahedral site.

3. From hydrogen absorption
energy𝑬𝒂𝒃, calculate hydrogen
occupancy for each octahedral site.

Atomic ratio of Cr and Ni of 24Cr-19Ni
Cr : 0.255    Ni : 0.179

4. Average hydrogen occupancy.  

Hydrogen
absorption energy?

The energy to insert hydrogen 
atom to the alloy.

Procedure

The Calculated hydrogen concentration corresponds to the experimental result.

Purpose
Predict hydrogen concentration 
due to evaluate hydrogen 
absorption energy by using 
first-principles calculation.

Without hydrogen

Low hydrogen

High hydrogen
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