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ABSTRACT 

 

Metals and metallic alloys are sensitive to mechanical and physical changes that occur during the 

irradiation. The mechanical composition and microstructure of these metals in the pre-irradiated condition are 

important for the study of radiation damages in the metallic alloys. 

This work aims to provide a study of AISI304 stainless steel focusing mainly on the nuclear reactor 

applications. Some pre-irradiated properties of the AISI 304 plate stainless steel such as mechanical (stress-strain, 

hardness and grain size), chemical composition and corrosion studies, are presented. 

  

INTRODUCTION 

 

The materials used in nuclear reactors are subjected to hard conditions and corrosive medium, mechanical 

stresses, high thermal gradients, and irradiation that cause a lot of defects in the alloys or metal. The creation of 

these defects with the irradiation dose is caused by displacements of lattice atom. Neutron irradiation through the 

material causing elastic collisions made that each atom may be displaced from its lattice site and also  generate fast 

charged particles (electrons, protons, and α-particles) [1]. Due to radiation damage defects like void, vacancy, 

vacancy type dislocation loop, substitutional impurity atom,  interstitial type dislocation loop, self interstitial atom, 

interstitial impurity atom are created [6] besides the formation of foreign atoms as helium and hydrogen [1]. In 

addition to that radiation causes depletion or enrichment of certain elements at the grain boundaries. Change in the 

microstructure and microchemistry cause changes on the mechanical properties like irradiation creep, hardening, 

embrittlement (hydrogen embrittlement, helium embrittlement, neutron radiation induced embrittlement), loss in 

ductility, and so on. The paper by [6] is a good one for understanding the relationship between microstructural and 

macrostructural changes induced by irradiation. 

An important property of a metal under irradiation is hardening(increasing in yield and ultimate tensile 

strengths  and decreasing ductility). Hardening can be related to the sizes and densities of irradiation induced defect 

clusters which act as obstacles to dislocation glide. Point and clustered defects can cause an increase in hardness, 

yield strength, and ultimate tensile strength (UTS) as well as a loss of ductility and fracture toughness. The increase 

of yield strength of the alloy occurs by the elastic reaction between dislocation loops and dislocation network under 

stress [6]. 

In general, the study of these mechanical properties depends on the defects induced by irradiation. These 

defects depend on the metallurgical conditions, i.e. cold word and annealing, of alloy or metals and the temperature 

and irradiation dose. The mechanical properties and microstructures of Type 304 stainless steel were studied as a 

function of cold work, neutron irradiation, and testing temperature by [4]. In that work, it was observed that neutron 

irradiation increased the yield strength and ultimate tensile strength of annealed and ultimate tensile strength of 

annealed and cold-worked specimens at 70°F and at 600°F. The incremental increase in these properties decreased 

with increasing cold work.  

Due to those required features, stainless steels of 300 series are used for nuclear applications. Type 304 

stainless steel is widely used for boiling water reactor applications ranging from nuts and bolts to pressure vessel 

liners [4]. 

Type 348, 347 and 304 steels can be used for cladding. For application on nuclear fusion reactor, the 

stainless steel type 321 is used. 

Use of stainless steel in reactor environment, may bring some corrosion problems. The stainless steel is an 

alloy with properties that implies absence of staining, rusting or corroding in environments where “normal” steels 

are susceptible. But in more hostile environment the stainless steel may suffers with corrosion attack. To explain the 

mechanisms of corrosion a theory like the one developed by Bain et al [5] can be used. According to this theory, a 

passive film is not formed on the surface of the material if the chromium content is less than 12%. At high 

temperatures (550-900°C), carbon diffuses towards the grain boundaries and forms chromium carbide, which is 

insoluble and precipitates out of solid solution if the carbon content is higher than 0,02%. The area adjacent to grain 
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boundary become mechanically weaker and is a preferred site for corrosion attack. This phenomenon is named 

sensitization. 

In may be found [3] methods of prevention of sensitization like solution treatment at 1121°C that dissolves 

the carbides into the matrix, followed by rapid quenching to prevent re-precipitation of the carbides, cold working of 

the steel prior to sensitization, use of stainless steel in the annealed condition when the steel is not to be exposed to 

the sensitizing temperature. 

Sun and co-workers [6] provides an overview of the current research development in the field of corrosion 

resistant materials for supercritical water reactors. 

If besides a susceptible metal and specific environment, a tensile or residual stress is present, the conditions 

for stress corrosion cracking (SCC) are met. The tensile stress may be residual, thermal or applied or a combination. 

In this way the metallurgical conditions are important. The tensile stresses are “static”. The control of impurities as 

phosphorus or sulfur is important for corrosion due to sensitization at grain boundary. 

In irradiation condition there are some studies about grain size and changes of grain boundary composition. 

During irradiation of an alloy at high-temperature (0.3-0.5 of the melting temperature) occurs radiation-induced 

segregation (RIS). In irradiated austenitic Fe-Cr-Ni alloys, RIS causes Ni enrichment and Cr depletion at grain 

boundaries. Fe is either enriched or depleted depending on the bulk alloy composition [1]. Radiation 

damage/intergranular precipitation and segregation caused by irradiation is believed to be reduced in ultrafine-

grained stainless steels, because the copious amounts of grain boundaries enable irradiation-generated point defects 

to annihilate [7]. 

The study of pre irradiated steel conditions is of utmost importance to check the evolution of defects and 

changes in physical and mechanical properties of stainless steel after irradiation. In this study, some pre-irradiated 

properties of an AISI 304 stainless steel plate such as mechanical characteristics (stress-strain, hardness and grain 

size), chemical composition and corrosion are investigated. 

 

EXPERIMENTAL DETAILS 

 

 The material studied was type 304L austenitic stainless steel. The weight composition was  0,022 carbon, 

1,25 magnesium, 0,53 silicium, 0,03 phosphorus, 0,002 sulfur, 18,97 cromium, 8,05 nickel, 0,035 molibidenium, 

0,004 aluminum, 0,041 cobalto, 0,006 copper. 

The material was a 19,05 mm thick plate, hot rolled and fabricated conform ASTM A240/A240M-07E, and 

heat treated at 1900°F for solution condition. According to ASTM A480 austenitic steels must be treated to 1900 ° F 

(1400 ° C) and must undergo quenching in water or rapidly cooled at a rate sufficient to prevent reprecipitation of 

carbides. 

In order to verify the mechanical strength of the plate,  tensile  tests  were performed  in    longitudinal     

and transverse directions.  ASTM E8-M was used. 

Five samples for each measurement direction were tested. The cylindrical samples were sub-sized, having a 

diameter of 6 mm and initial length of 30 mm. The test displacement rate was 0.5 mm/s. Rockwell hardness test was 

also performed in the material. 

Analysis of metallic inclusion was performed in the rolling direction of the plate and was supplemented 

with analysis in the direction perpendicular to the lamination. The analysis followed E45-87 standard. 

 

RESULTS 

  

The results for tensile tests of the stainless steel plate are presented in Table I.  

 From those results, it is evident the great deformation capacity of the plate prior to irradiation, revealed by 

the ductility results and also by the large difference between yield and ultimate strengths. The results also show a 

high degree of isotropy of the properties. 
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Mechanical Property Longitudinal 

direction 

Transversal 

direction 

Ultimate Tensile Strength 

(MPa) 

830 825 

Yield Strength (0,2% 

offset) (MPa) 

244 288 

Ductility (%) 50 53 

 

 

Figure 1 shows a SEM micrography of the 304L stainless steel specimen after corrosion treatment. The 

microstructure shows that carbides formed along grain boundaries. Due to drop of Cr content adjacent to the 

boundaries, the stainless steel became sensitized and intergranular corrosion occurs (K.H. Lo, 2009). It is important 

to state that it is not the chromium carbides which are attacked but a zone adjacent to the grain boundary which is 

depleted of chromium and is attacked when the chromium content become below of 12% (Ahmad, 2006). There was 

no evidence of non-metallic inclusions. 

 

 
Figure 1 Micrography by SEM (scanning electron microscopy) of 304L stainless steel plate after 

sensitization treatment. 

 

CONCLUSION  

 

In this work we characterized some pre-irradiated properties of the AISI 304 plate stainless steel such as 

mechanical, chemical composition and corrosion studies. The properties for this material irradiated will be presented 

after irradiation. 
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