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Researchplan

Processingandcharacterizationof321StainlesssteelsandCobase superalloys as Plasma facing material


		Excellence




	1.1 Qualityandpertinenceoftheproject’sresearchandinnovationobjectives(andtheextenttowhich they are ambitious, and go beyond the state of the art)



Selection of materials which can face and withstand plasma is an important avenue of present-day researchinfusionmaterials[1-5].Itiswell knownthatterrawattsofenergyisavailableinfusion.Itis an avenue of great interest and potential benefit for tomorrow’s energy requirements. In general, following reactions occur during fusion [6]

 

D+ T[image: Image]α(3.52MeV)+ n(14.06MeV)

D+3He[image: Image]α(3.67MeV)+H(14.69MeV)

D+ D[image: Image]T(1.01MeV)+H(3.03MeV)

D+ D[image: Image]3He(0.82MeV)+n(2.45MeV)

T+T[image: Image]4He(3.77MeV)+2n(7.53MeV)

Of these, reactions 1 is most feasible. Its cross section (α) is around 70 KeV but high D – T reactivity isreachedalreadyat20KeV.Variousmethodsbasedondesign[7-38],manufacturingandcontrolhave been proposed to harness this energy. However, mostly they are limited by availability of suitable material directly facing and interacting plasma. Various problems such as swelling, blistering, pitting, erosion[39],fuzz[40-47],tendrils[48],surfacedegradationandalikeareobservedandexperiencedin incipient transient exposure to local intense amounts of energy. Ideal material is required to possess superior physical (high melting point, high temperature stability, high thermal conductivity [49], high corrosion resistance (both at room and elevated temperature)), design [50, 51], mechanical (high strength,highhardness,highthermalshockresistance,highcreepresistance,highthermo-cycliccreep, highcyclicplasticity[52],highthermalfatigueresistance,fractureresistance[53]),structural(excellent shearstress,shearstrain,bendingmoment,torsion,dimensionalstabilityatelevatedtemperatures[54]), manufacturing(easyformability(e.g.rolling,bending,cutting,cladding,weldability[55]))andnuclear (low sputteringyield,lowtritium retention) properties. Various efforts have beenmadetoaddressthis problem from physical chemistry, physics, and mathematical modeling [56] standpoint and various materials are proposed such as W [57-60], W – Rh [45], Bcc Fe [61, 62], Ta [63], W-Ta [64], Ta/Fe [44], Pd [65], nanocrystalline Cu [66], SiOC/Crystalline Fe nanocomposite [67], W-K [68], reduced activationsteel[69],ferritic[70],ferritic/martensiticsteels[71],Bepebbles[72-75],Beandberyllides [76], graphite, carbon fiber composite [77]) and high Z atoms (Zr, No, Mo, Hf, Ta) [4] but none are proved to be satisfactory [78-81]. This has been true to various parts of reactor such as chamber first wall[12,16,27,82-89],divertor[23,27,35,83,90-94],tritiumbreedingblanket[95-102],limiter,and back plate. However, none has proven to be satisfactory primarily due to inability to understand basic crystallography of materials selected and their physical metallurgy, phase diagrams, plastic deformation, strengthening mechanisms and heat treatments.

Allshowrapidsurfacedegradationexhibitingsurfaceblisters [103-106]andformationoffuzz[40-43, 45]orunderdensenanostructure [49]afterbubble.Theserapidlydegradetheirphysical(e.g.abilityto contain plasma by inverse or re-radiation due to excellent surface finish), mechanical and aforementioned properties. It is hypothesized that production of surface nanostructure (nanochannels) [82, 107-109] will help escape of He [68, 110-114] inhibiting formation (nucleation and growth (crystallography) [113] or precipitation and coalescence (physical chemistry)) of bubble and restricts

 

 

surface degradation. This is poorly understood and wrongfully approached. This study aims to bridge this gap. A holistic methodology is proposed to select material based on fundamental damage mechanisms and how they can be avoided by intrinsic crystal structure of material.

Bubble(undesirablefeatureofimportance)isdescribedinmanyways.Inphysicalmetallurgyterms,it is a point defect [115, 116] in a crystal lattice – a precursor of fuzz [41, 44, 117] or under dense nanostructure [49] formation. It is produced as a result of self-ejection of W from interstitial positions in its own lattice by He atom or cluster of atoms (usually 9 atoms at 700 K [49]) (Cluster: 7 – 8 atoms (bulk), < 7 – 8 atoms (surface) and its bonding with vacancy [111, 118-121] forming a Frenkel pair [122-126]. This is more prominently observed near the surface. In this layer, bubble density and diameter depend on surface temperature and helium flux / fluence [46]. Objectives of present project aretoidentifyandselectasuitablematerialbasedoncrystalstructure,defecttype,natureandformation, plastic deformation, physical metallurgy [115, 127, 128] and strengthening mechanisms which avoid this bubble formation by inhibiting Frankel pair formation for use in existing spherical (JET, ASDEX [129-131] and linear plasma devices / Stellarators (e.g.Wendelstein 7-X)[60, 132] and upcoming reactors such ITER [16, 22, 129, 130, 133].

These are of high quality, timely and of utmost importance as they emphasize an important area [122, 134,135]andavenueofresearch.Nostudyexistsinrecenttimesaddressinggapsidentified[136].This is the main aim and research and innovation (R&I) objective. Objectives are easily measurable and verifiable by theoretical and experimental means. It is possible to show that selected crystal structure which can inhibit Frankel pair formation is fcc or hcp[137, 138]and same could be verified experimentallybyirradiationandcharacterization.Further,designsizing[139]showstheeffectiveness of method selected for a certain geometry. These are realistically achievable by careful design of experimental setup which can make test coupons and irradiate them and then characterize them. Geometrycanbetestedbymakingtestcoupons,testingthem,andcomparingthemwithmodellingand simulationresultsundertransientconditions. Thisisconsiderablecontributionandadditiontoexisting body of knowledge and measurable by extension of its extent far beyond current state of art. It’s a unique study which addresses current research gaps nicely, describes its shortness and accounts for its bridging from both theoretical and experimental standpoint.

 


	1.2 Soundness of the proposed methodology (including interdisciplinary approaches,considerationofthegenderdimensionandotherdiversityaspectsifrelevantfortheresearch project, and the quality of open science practices)



 

Project is of high quality and of utmost scientific importance with interdisciplinarity approach. It is basedon identification of procedureandmethodabout how materialsfail under ionizing radiationand exposuretoit.Itassumesthehypothesisthatreversalofmechanismsbywhichdefectsareformed,and material fail, isthebest possible solutionofthe problem and devising ofmethodwhich account thisis the most suitable method of material selection, design, and fabrication. Whole design and fabrication methodologyencirclesaroundandisbasedonthisproblemrectification.Mostimportantandsignificant part of the project is to select suitable fabrication method and design sizing of material. Equilibrium phase diagrams ([115, 127], combined with optimized design and non-equilibrium phase diagrams determinesuitableheattreatment [140,141] andfabricationrouteoftheselectedgeometry.Itexistsat the nexus of physics, chemistry, physical metallurgy, chemical engineering, mechanical engineering, and nuclear engineering, nicely incorporates all fields, delve their expertise, and yield best possible solution.Synergisticaccumulationofexpertisefromdifferentfieldsnicelyaddressesinterdisciplinarity andbringstogetheranoptimisedsolution.Diversityaspectofprojectispurposefullykepttoaminimum to not loose originality and quality of research. Instead, emphasis is placed on merit and quality. Best possible ideas, irrespective of gender and their origin are given highest importance and weightage without excessive recourse to diversity. This ensures quality and best value.

Project and its content are subject to common creative license (CC BY) 4.0 which means its contents and features are available to public without any charge and are available for edit, copy and unlimited reproductionandredistribution.Thisisadoptedastomaximizeprojectvisibility,accessibility,

 

 

productivity,andchancesofbecomingprofitableandviablecommercially.Theywillalsoincreaseand enhanceprojectdeliveryandobjectivesbybeingmorerobust,accessible,andapplicable.Furthermore, projectanditsoutputswillberegularlypublishedintheformofpreprintsandkeptinopenrepositories. Its contents, researchand innovation objectives and outputs (e.g., publications, reports, data,software, models, and algorithms) are also available for public review, accounting, and verification as a part of citizen science and its regime.An open access repository on an open platform such as Github or IO will be maintained for routine data management, exchange, storage, and dissemination. This also includesbetaversionsofsoftware,packages,tools,plugins,andtheirupdates.Thisisnicelyinlinewith FAIR principles and are available for reproducibility and reusability.

 


	1.3 Quality of the supervision, training and of the two-way transfer of knowledge between theresearcher and the host



 

Supervisor is a world-renowned researcher in the field of fusion materials, plasma facing materials, irradiation, and irradiation damage. He has wealth of education, experience, and exposure in this field to enable him to be lead investigator on current project. He is also an expert in phase transformation, physicalmetallurgy,and microstructural characterization. He has anexcellenttrack record ofresearch as manifested by his publications, presentations, lectures, and public outreach. He maintains healthy and productive international collaborations with active research laboratories across globe.He has previously supervised various students, Post docs and researchers and held various excursions, meetings,symposia,andconferences.Variousresearchactivitiesareplannedforresearcherasapartof this fellowship. This includes participation in research integrity, ethics and management courses, organising, coordinating and management of symposia, conferences and meetings. This also includes learning and training of new and advanced software and simulation packages which have direction, relationandimplicationontheoutputofpresentresearch.Theseareplannedforprofessionalandcareer development of researcher as transferable skills and skill set. Researcher himself also has wealth of industryandresearchexposureandexperience.Hehasonebachelor’sdegree,twomaster’sandaPhD. He has healthy track record of success in terms of publications, research output and public dissemination.Thiscurtailshim toengageinhealthytwo-waylearningprocessinwhichbothhost and guest will benefit from each other and their experiences. Host organization will be able to use his experience and develop, furnish, andflourish international collaborations via his professional network and vice versa. He will be a value-added addition towards non-academic placement. This includes knowledgedisseminationtoyoung(highschool)studentsandwiderpublic.Withhisunderstandingand knowledge,hewillbeabletocreateahubforlocalandinternationalknowledgesharingandexchange on the area for benefit of all.


	1.4 Quality and appropriateness of the researcher’s professional experience, competences, andskills



 

Researcheriswellpositionedwithrespecttohiseducation,experience,andexposuretoembarkonthis project. He has adequate and excellent educational background, a Bachelor of Science in Engineering degree, overall first position (two Gold Medals), two masters, and a PhD in Aerospace Engineering with over 15 years of professional and research experience. He has wealth of research and scholarly publications,hasresearchexposuretovariousresearchenvironmentsacrossglobeandiswellrenowned and respected in the field. He has in depth understanding of the field, has requisite skill set, exposure, and experience asmanifested by hisresearchoutput and consistent excellent researchtrackrecord.He has been working in nuclear and fusion engineering and have deep understanding of physical metallurgy, microstructural analysis, characterization, and structure – property relationship which enables him to be successful in present endeavour.


		Impact




	2.1 Credibility of the measures to enhance the career perspectives and employability of theresearcher and contribution to their skills development



 

 

Participationinthisprogramwillenableresearchertobeatforefrontofhisresearchandcareer.Skills, methods, techniques, and competencies which he will develop by participation in professional growth andcareerdevelopmentprogramsareunmatchedandwillbeavalue-addedadditiontohimbothforhis personal grooming and growth and professional development for his upcoming and future careers and organizations. It will increase his portfolio and persona by manifolds and increases his chances of employabilitywithimprovedandenhancedworkperformanceatworkplaceevenindifficultandtough situations. These will also help him develop as teacher and knowledge hub (for development, assimilation, dissemination, distribution,andtransferof knowledge). He will learn, timemanagement, pressuremanagement, portfoliomanagement, proposalwriting,grantwriting,reviewing,and proposal management and development skills which he will oversee with his existing capabilities and competencies to further polish and rise as leader of his field.


	2.2 Suitability and quality of the measures to maximise expected outcomes and impacts, as setout in the dissemination and exploitation plan, including communication activities



 

Projectprogressistobedisseminatedbyprovidingitsoutputinpublicrepositoriesandpreprintservers and publishing them in scholarly journals and periodicals. They are also designedto be maximized by presentationinsymposia,conferences,andscientificmeetings.Thesearealsospreadbymeansofsocial media, dedicated scientific news and organizational channels and society meetings and participations. Mainly four target groups are identified and addressed namely, scientific community (including engineers, service providers and technicians), end users, financial partners, and general public. Dissemination activities are planned to be carried out in quarters with each quarter focusing on publication of previous quarter output and results. Focus will be placed on achieving all targets and milestonessetoutineachquarterwithincreasingfrequencyinallsuccessors.Forexample,firstquarter will only haveresultsintheform ofgeneral outlineand progress while secondone will focusmore on objective results, and they are reported in each month. Similarly, third and fourth quarters will have pointwiseimplementationofstrategies,actionplansandroadmapswithinterpretationandexplanation of results. Each and every objective and milestone set out will be met rigorously and with more focus and increased frequency. Third and fourth quarters will also see involvement of more local media partners and outlets such as presentations at local schools, gymnasiums, libraries and in print and electronic media (such as local newspapers, journals published from municipalities and counties and their respective TV

images/image2.png





images/image-1.png





images/image.png





