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Energy production from nuclear power has been a viable alternative to 

fossil fuel consumption for many years. Over the past decade, the market 

for nuclear energy development has increased due to its cost-effective, 

economic, and practical advantages, and also because it provides an 

alternative to fossil fuels[1].  

 

Shifts in energy practices, environmental conservation, changes in the 

global economy, and  attitudes towards nuclear power generation have 

forced many countries to adopt nuclear power. Nuclear power production 

is highly efficient, economical, and nearly carbon-emission free[1]. 
 

The study of thermal properties at such small scale implies a perfectly executed 

methodology as well as impeccable laboratory materials and utmost care. The 

thermal properties under evaluation will show data in accordance with  a 

vacuum or in the presence of air. These variables should be taken into account 

given the conditions existing inside the reactor’s core, and should be an 

important factor in the design of the experiment. Water is also present in the 

reactor, therefore further analysis and methodology should be addressed to 

understand how the data will adjust to this new set of parameters. This 

experiment will also require a shield to avoid scattering of ion beam radiation 

and heat flux radiation from the furnace and the sample. Steady temperatures are 

required, and no variable heat fluxes should be present. 

Nanostructured materials: 

An important aspect of designing a nuclear reactor corresponds to the choice of materials. Such materials 

require specific mechanical and thermal properties. As irradiation waves and  momentum from radioactive 

particles hit the crystalline structure of nanostructered metals, damage to the interstitial lattice is diminished, 

therefore enhancing their mechanical and thermal properties. Nanostructuring metals through deposition of 

oxides or other chemical methods improves the performance of a reactor.  

 

These nanostructured materials are essential in designing components of  nuclear power plants as well as 

containers for spent fuel storage. The goal of enhancing stainless steels and to structure its grain makeup at 

the nano level is to contain radiation. Other goals are: to avoid corrosion, swelling and embrittlement, as 

well as to reduce replacement of parts for more years[4]. Good candidates for such analysis and design 

correspond to stainless steel  T91[5]. 

 

Study of thermal properties: 

Understanding the behavior of metals used in radioactive environments is important to the prevention of 

material failure. In a reactor’s core, materials are faced with powerful molecular interactions, and it must be 

able to withstand continuous high temperatures, radiation due to fission of nuclear particles such as neutron 

bombardment, high frequency waves like gamma rays, hydrogen and helium bubbles which cause swelling, 

corrosion due to the transport of water at supercritical conditions, and others. Preliminary standard tests on 

ferritic-martensitic stainless steels (T91 is a martensitic stainless steel) show better stability than austenitic 

stainless steel, with little swelling, higher creep resistance, and thermal shock[5]. 

 

Little has been done to study the thermal and mechanical properties of materials at the grain level. The grain 

level corresponds to the molecular building blocks of the crystalline structure, in between the micro and the 

nano scale. As explained above, better grain nanostructure leads to more resistant materials.. At this small 

scale, conventional methods to measure and simulate thermal properties are non-applicable since the 

macroscopic behavior of the samples comprises the  collection of interactions at the grain level. The samples 

to be used in the study should be a few micrometers in size; this size is two thousand times smaller than the 

average thickness of human hair. The samples would then be subjected to intense ion bombardment and high 

temperatures. To be able to measure the thermal transit through the samples (conduction), thermocouple 

technology can be used to convert  a change in applied voltage into a reading for temperature. The collected 

data will help to develop a computer model given the experimental parameters. Some reasonable problems 

that may interfere with the data collection are related to the experimental setup, e.g. faulty thermocouple 

joints, and possible degradation of the sample under the harsh conditions described. 
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Inside a thermonuclear reactor 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

“Damage rate depth profile for Fe irradiated with 2.0 Me protons as modeled by SRIM2003” [5]. 

Electricity production in the U.S. come from several sources, most of which rely 

on fossil fuels. Power from nuclear sources account for just twenty percent [2-3]. 

Much research involving this technology still needs to be done, including what to 

do with nuclear waste. The study of thermal properties of stainless steels has a 

significant role in the design of nuclear reactors and will contribute to predict 

material failure by examining the change in thermal properties over time. Also, 

better understanding of such properties will lead to the development of better 

spent fuel containers. There is no formal research done about the thermal 

properties of stainless steel at the grain level and shedding more light on the 

subject would lead to better design of nanostructured materials, as well as 

components in nuclear power plants. 

 

 

 

 

 

 

 

 

 

 

 

 

“TEM micrograph of unirradiated T91  

showing (a) lath structure, (b) dislocations cells and carbides, and (c) dislocations. “[5] 

 

 

 

 

 

 

 

 

 

 

“TEM micrograph, laths in T91 irradiated to 3dpa at (a) 450 °C, and (b) 400 °C.”[5] 

 

 

In the development of nuclear power reactors, the use of metals able to 

withstand high temperatures and induced radiation is paramount. 

Molecular decomposition, embrittlement and swelling at the grain level of 

such materials are a consequence of intense neutron bombardment. 

Materials such as stainless steel T91 and oxide dispersed steel (ODS) are 

widely used in nuclear reactors. Mechanical and thermal properties at the 

grain level of these materials under irradiation have not been sufficiently 

demonstrated, for which the understanding and modeling of such 

parameters may lead to better maintenance of nuclear power plants, further 

development of newer materials and alloys, and material failure 

prediction. The purpose of this research is to further investigate the 

conduction of stainless steels at the grain level when subjected to intense 

radiation and high temperatures for efficient heat exchanger design and 

prediction of material failure. 
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“Defect cluster structure of T91 samples irradiated at different  

conditions: (a) 3 dpa, 450 °C, (b) 10 dpa, 450 °C, (c) 3 dpa, 400 °C, 

and (d) 7 dpa, 400 °C. “[5] 


