
Summary / Objectives:

Materials Challenges for Generation IV Reactors

The Generation IV reactors offer significant advantages over typical light water 
reactors including increased power conversion efficiency, passive safety features 
and in some cases process heat for other applications (e.g. hydrogen production). 
These families of reactors include 3 fast reactors [sodium fast reactor (SFR), lead 
fast reactor (LFR) and gas-cooled fast reactor (GFR)], one thermal reactor [very 
high temperature reactor (VHTR)] and two fast or thermal reactors [supercritical 
water reactor (SCWR) and molten salt reactor (MSR)]. The extreme environments 
in these families of reactors create significant challenges to materials ranging from 
high doses from a fast neutron flux (SFR, LFR, GFR, SCWR and MSR), more 
corrosive environments from molten salt (MSR) or lead coolants (LFR) and high 
temperatures in the helium-cooled reactor concepts (e.g. GFR and VHTR). This 
presentation will discuss the materials challenges in Generation IV reactor 
concepts and summarize radiation effects in reactor metals proposed for these 
concepts over prototypic irradiation conditions
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Radiation Damage :
Displacement damage occurs  when enough energy (approximately 25 eV) is 

transferred to an atom producing a or many Frenkel defects. Though a large 
number of Frenkel defects (vacancy / self-interstitials) annihilated in short 
time, some defects remain and make cluster.

A wide range of materials properties are determined on the mesoscale :
As the result of the clustering, the accumulated defect grows to mesoscale. 

Unlike with nanoscale defects, mesoscale defects affect the various material 
properties. This is the mechanism of the radiation damage. 



Stress/Strain curves of 316L stainless steel after irradiation :
By the irradiation, yield stress of 316L stainless steel is increased (hardening) 

and elongation is decreased (embrittlement).

Nanostructured Ferritic Alloys :
Nanostructured ferritic alloys (or Oxide Dispersion Strengthen alloys, ODS) , 

which is made by mechanical alloying, have a fine distribution of oxide 
particles nano features within the material. This nanostructure brings increase 
of the strength, creep resistance, irradiation resistance. Therefore, these alloys 
show promise as advanced radiation tolerant materials. 



Reactor operating conditions :

Materials Performance Issue :
Because of the difference of 

operating condition, each GIF 
systems have particular 
material performance issues.

Each GIF systems have 
particular operating conditions:
• Coolant
• Temperature
• Lifetime Dose




