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 Understanding reactor material behaviors in 
extreme environments
- Necessary to develop new materials for future 

reactor designs

- Helpful in extending current reactor operating 
lifetimes
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 Radiation induced damage 
(along with temperature 
and induced-stress) can 
alter physical structure 
and chemical properties 
of a material

 May cause reduction in
ductility and increase
embrittlement

 Ultimately leads to
failure of reactor 
components
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 Through use of experimental techniques, 
including use of a transmission electron 
microscope and ion beam, predict the effects of 
the following have on the macroscopic behavior 
of a specified material:
- Irradiation
- Temperature
- Stress

 Prepare and use zirconium alloys and high 
chromium martensitic steels (such as 316 series) 
samples, expose to in-situ experiments while 
examining them under a TEM
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 A TEM is a form of microscopy 
that allows the visualization 
of aforementioned defects 
on a small scale, not 
obtainable by regular/
traditional optics

 However for our purposes
it does require the use 
of 100 nm or thinner samples
- Electrons must pass 

through sample to
create an image
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 For scale:
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 Able to simulate years/decades of neutron 
damage in only a few hours or days

 Neutrons are expensive (and hazardous to 
health)

 Can perform multiple types of experiments in 
conjunction with using ions (ie heat a sample)

 Creates little/no residual radioactivity 
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 Zirconium templates were cut smaller 
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 Zirconium templates were cut smaller

 Samples were grinded until desired thickness 
was achieved
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 Zirconium templates were cut smaller

 Samples were grinded until desired thickness 
was achieved

 Smaller discs were punched from sample and 
then polished
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 Zirconium templates were cut smaller

 Samples were grinded until desired thickness 
was achieved

 Smaller discs were cut from sample and then 
polished

 Discs were sent off to an outside facility for 
further electrochemical processing
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 Use of 316 Series Stainless Steel

 Predict likely damage accumulation
using The Stopping and Range of Ions in 
Matter (SRIM) software
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 Use of 316 Series Stainless Steel
 Predict likely damage accumulation

using The Stopping and Range of Ions in 
Matter (SRIM) software

 In situ TEM observation 
was performed:
- Heating and 

Mechanical Testing
- Ion irradiation and 

He implantation
- Load vs displacement
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SS Irradiated with 
Au
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SS Irradiated with 
He then Au
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 Was able to observe how fundamental issues 
can affect macroscopic properties

 Characterized how defects appear under 
certain imaging conditions 

 Data gathered from experimentation can be 
useful in future modeling software
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 Organization is key to task accomplishment

 Understanding your equipment prior to 
experimentation is crucial to time 
management

 Have realistic expectations of yourself with 
the time you are given

 WEAR SUNSCREEN
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One team, one fight
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