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Abstract ID: 0331202201

Cobalt base superalloys a plasma facing material

Muhammad Musaddique Ali Rafique1,2

1Department of Fusion Engineering, Massachusetts Institute of Technology, Cambridge MA 02139

2Eastern Engineering Solutions Inc. Cambridge MA 02139

Nickel (Ni), Iron (Fe) or Cobalt (Co) base superalloys have face centered cubic (fcc) crystal lattice at all temperatures in former case and turns to fcc at higher temperature in later case. This makes them suitable to be used as plasma facing material based on analysis performed earlier by author. It is shown earlier that formation of bubble (point defect) – a precursor of fuzz or undersense nanostructure is suppressed if proper crystal lattice is selected, and structure is built on that. It was shown that fcc is suitable lattice structure. It invokes intuition to use superalloys (inherently high temperature resistant alloys) to be used as plasma facing materials. Not only they will resistant high temperature and high heat flux in plasma but will also be able to resist formation and evolution of bubble (ejection of atom from its own position in unit cell). Their Co base variant will be excellent choice to resist nuclear transmutation of Ni and Fe containing Ni to 60Co under neutron radiation (14.06 MeV Neutron). Their main drawback is their weldability which severely limits their application and use. They must be cast or forged and rolled to required dimensions followed by, or no heat treatment to achieve required properties. Their other disadvantages are poor creep or stress rupture strength, fatigue strength and high temperature oxidation resistance. These may be mitigated by aforementioned treatments during or after treatment (such as thermomechanical treatments). In this study, an attempt has been made to select a proper composition of Co based superalloy and is presented as effective plasma facing material. Its parameters are determined, composition is optimized, and processing regimes is established. Proposed methodology is proposed to be meritorious.

Keywords: Irradiation, Fluence, Plasma, fcc
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Rhenium as plasma facing material - hexagonal close packed (hcp) structure and its role in suppressing formation of Frenkel pair, bubble, and ‘fuzz’

Muhammad Musaddique Ali Rafique1,2

1Department of Fusion Engineering, Massachusetts Institute of Technology, Cambridge MA 02139

2Eastern Engineering Solutions Inc. Cambridge MA 02139

Problem of fuzz formation has been an area of active research lately due to its implication on fusion device and reactor operation and performance. Attempts have been made to address this from chemistry and chemical engineering standpoint but unfortunately, none proved out to be satisfactory. Attempts have also been made to address this on the basis of mechanisms proposed i.e., ejection of atom from its lattice position by a cluster of He atoms, its combination with vacancy, its rearrangement into prismatic loop, its movement to surface and punching upon reaching there forming bubble and fuzz. Existing material – Tungsten (W) is found unsatisfactory due to its inability to resist this mechanism owing to its bcc structure. Alternative proposed material – 321 stainless steel having face centered cubic (fcc) structure is found unsuitable due to its poor behavior in neutron irradiation. Other potential candidates such as low activation ferritic / martensitic steel and oxygen dispersion strengthened (ODS) steels suffers from same drawback being of body centered cubic (bcc) and body centered tetragonal (bct) structure respectively (former case). Seeing these problems, an alternative material (Rhenium (Re)) is proposed here. It has hexagonal close packed (hcp) structure, is a refractory metal with very high melting point (3186oC), thermal stability, and good thermal conductivity (48 W/(m.K)). Drawback being, it is expensive, rare, and difficult to process. In this study, author has examined its suitability as plasma facing material based on its crystal lattice. Suitability is judged by determination of crystal lattice parameters, its nature and tendency to form self-interstitial solid solution. It is fond that proposed approach is meritorious.

Keywords: hcp, fuzz, ODS, self-interstitial, Re
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Threshold of pain: fusion energy perspective - design of safety apparel

Muhammad Musaddique Ali Rafique1,2

1Department of Fusion Engineering, Massachusetts Institute of Technology, Cambridge MA 02139

2Eastern Engineering Solutions Inc. Cambridge MA 02139
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Abstract

It is relatively well known that time in which human brain cells detect pain is greater than time of release of energy after detonation in nuclear fission. This can be mathematically expressed. However, same is unknown in fusion. It is known that exposure time is extremely small and orders of magnitude shorter than in fission. This is researched. It will lead to biological understanding of effect of fusion energy on threshold of pain and its detection upon exposure and bearance. It will help design apparel (clothing, suits, and gear) to act as safeguard against it.

Keywords: brain, time, exposure, threshold
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Role of fluence and exposure time in quantification of damage in 321 stainless steel as plasma facing material

Muhammad Musaddique Ali Rafique1,2

1Department of Fusion Engineering, Massachusetts Institute of Technology, Cambridge MA 02139

2Eastern Engineering Solutions Inc. Cambridge MA 02139

Abstract

It is observed that fuzz appears at low ion energies in bcc metals. Same is hypothesized in fcc metals. However, it is unclear how material will behave in various fluences and exposure times? In some cases, this is a function of, and / or determines selection and performance of pelletron (ion generator, linear accelerator, and implanter). In this study, both aforementioned variables are experimentally tested to determine their effect in damage. Proposed material – 321 stainless steel is exposed to various ion fluences (dose) for different times at constant ion energy varied in increasing segments. Resulting irradiated material is characterized using electron microscopy. It is observed that these serve an important part in determining wall thickness of actual reactor and amount of electricity which may be produced from it.  

Keywords: Fluence, quantification, damage, fcc
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Energy basis design of non-tactical deployable variable capacity manual fusion devices – role of significant figures
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1Department of Fusion Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139
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Abstract

Design of 20 Gwh (17.20841 Kilo Ton TNT) non tactical deployable fusion device was described by author in previous study. One may infer that design of higher capacity devices would just be multiplication of quantities inferred by corresponding mathematical integer. In simplicity, it is true. However, a detailed analysis shows that significant figures play a vital role as device capacity is increased from its initial set output value. This may further simplify the design process as relatively fewer grams of fuel is required for high capacity if designed carefully, corroborated and controlled. Linear multiplication with a constant integer yields higher values which may complicate design and imposes more burden on subsequent material selection, properties, manufacturing, fabrication and quality control
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