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SUMMARY OF IEA WORKSHOPIWORKING GROUP MEETING ON FERRITiC/MARTENSITIC
STEELS FOR FUSION-FL 1, Klueh (Oak Ridge National Laboratory)

OBJECTIVE

The objective of this report is to des~”be the working group meeting and workshop held to review
planned and completed work that is being undertaken to prove the feasibility of using ferritic/matiensitic
steels for fusion applications.

SUMMARY

The International Enemy Agency (IEA) Working Group on Ferritic/Martensitic Steels for Fusion held a
workshop at ECN Nuclear Research, Petten, The Netherlands, 1-2 October 1998. The Working Group,
consisting of researchers from Japan, the European Union, the United States, and Sw”tzeriand, met to
review research that has been completed since the previous meeting and to continue planning and
coordinating an international collaborative test program on reduced-activation ferritic/martensitic steels
for fusion applications. At the wokshop, data were presented from the continuing research on the IEA
heats of steel that are being studied in the mllaboration. Data on these and other reduced-activation
steels in the irradiated and unirradiated rendition were presented. Other subjects that were discussed
included effects of a ferromagnetic steel in a fusion machine, the effect of helium on properties, and the
development and application of oxide dispersion-strengthened steels for fusion. A Woiidng Group
status-review meeting is planned in conjunction with the International Conference on Fusion Reactor
Materials (ICFRM-9) in Colorado Springs, Colorado, USA, 10-15 October 1999, at which time plans for
a workshop to be held in 2000 will be finalized.

PROGRESS AND STATUS

Introduction

The IEA Working Group on Ferritichfartensitic Steels for Fusion under the auspices of the IEA Executive
Committeefor the ImplementingAgreementonFusionWteriak conducteda workshopat ECN NuclearResearck
PetteU The Netherlands, 1-2October 1998. Researchersfrom Japan (4), the EuropeanUnion (5), the United
States(3),and Switzerland(1) participated. Russian Federationparticipationwas invitedjbut no one fkomthere
attended the meeting. The objective of the Working Group is the establishment and coordination of an
internationalcollaborativetest program to determinethe feasibilityof using ferritichnartenaiticsteelsfor fhaion.

This workshop was the ninth meeting of the Working Group,which was formedas a result of a workshop on
ferritic/martensitic steels in Tokyo in October 1992. At the first meeting followingthe Tokyoworkshop, the
WorkingGroupdevelopedspecificationsfor large heats of reduced-activationsteelsand outlined a collaborative
research program. Two 5-ton heats of the IEA-modifiedF82H steel and two l-ton heats of JLF-I steel were
producxxLihbrieatedintopm and diatrii to the participantsof the collaboration. Subsquent meetingshave
been used to plan a test program and to coordinatethe acquisitionof the data neededto prove f@bility for the
steels for fusion.

ThePettenmeeting was a followup to the meeting at Tolgo, Jaw 3-4November,1997,in which information
waspresentedthat indicatedheliumhasan embrittlingtiect on ferritic4martensiticsteelsirradiated at 250-400”C.
At theTokyomeetingand at ICFRM-8at se~ Japanj27-310ctober 1997,severalinvestigatorspresenteddata
on oxide dispersion-strengthened(ODS)steelsas possible structuralmaterialsthat will allow higher operating
temperatures. At Pette% information was presented on both of these subjects,along with recentlydeveloped
information on the properties of the IEA heats of reduced-activationsteelsand other nxluced-activationsteels.
Itiormationwas ako presentedon workdesignedto determine the effkctsproducedby ferritiehnartensiticsteels
in the high magnetic fields of a magneticallyconfinedfusion reactor.

——— ..— ..- . .. . .__ ----
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Researchand DevelopmentActivities

The following is a brief descriptionof the informationpresentedat the Petten workshop. Copiesof viewgraphs
and other information presentedat the workshopare appendedto this summaty.

FerrornwmeticEffects

At one time it was believedthat the expectedstrong interactionof a ferromagneticmaterial with the magnetic
fieldsof a magnethlly confinedfusion ~stem wouldmake it impossibleto use the ferritichnartensitic steels as
structural materials. Calculationsin the early 1980sindicatedthat the effectcouldbe taken into account in the
design of the reactor. Becausethese early studieswerebut cursoryanalysesof the proble~ questions as to the
magnitndeofthe effectpersi~ and detaileddesignstudiesas well as experimentalinvestigations are required to
eliminate this uncertainty.

P. Ruatto has been involved in a program at FZK Karkuhe to study the transient eddy current problems and
magneticfieldsandforcesthat candtwelopwiththeuseof ferritiehartensitic steels. Ruatto’s presentation (given
by E. Materna-Morns) discussedsome of the informationderived with the three-dimensional finite element
methodprogramAENEASthatwasdevelopedat FZK, Resultswerepresentedfor calculations that examined the
effeetof plasma disruptions on the outboardblanket segmentof the DEMOhelium-cooledpebblebed outboard
blanket segment and the EuropeanHeliumcooledpebblebed test blanket module in ITER A centeredplasma
-on ws ~nsi~~ for* D~O, @ tie for- on tie componentswerecalculatedand describedfor the
MANET steel. The forcec.alculatiortsfor a plasmadisruption in ITER we~ also summarized. The conclusion
was that for a emect mechanicaldesign of a &ion powerplant it is necessmyto include an electromagnetic
analysis, and the AENEASis an appropriatetool for this task.

K. Shiba discussed the Japan Atomic Energy Research Institute (JAERI) research effort on the effect of a
ferromagnetic material (ferntiehartensitic steel) on the operation of a fusion machine. (Note that this
presentationwaspart of Shiba’spresentationin the sectionon Steelproperti~ Irradiatd and the viewgraphs
on the ferromagneticeffectsareincludedin hispresentationin that section.) Three subjectareas are being pursued
by JAERI: (1) an experimental study of the use of a ferritic steel for plasma ripple reduetion in ITER by the
imtalladonofa “fernticboa.d”on theJFT-2Mto- (2) an experimentalstudyof the possibility of producing
ripplelessplasma operationwith a reduced-activationrnartensiticsteel as the vacuumvessel by the installation
ofa reduced-acdvadon(F82H)ferriticsteel liner in a small tom and (3) using this lined tokamak to conduct
researchonposaiileundesmb. Ieeffketsdueto ferntiehnartensiticsteelson plasma production and control. Work
beganon (1)this pastyear and involveda computersimulationand preliminaryexperimentusing JFI’-2M. The
resultsindicateda reduedonin ripple magnitudeand a modificationof the magneticfield over the whole plasma
region due to the insertion of the ferntic board.

R Klueh has attempted to determinewhat work has been eonduetedand what work is ongoing throughout the
worldon ferromagneticedii and the resultsofthathavebeen Wmnu3riz.ed.A U)pyOf tit !nUMmUy is included
in the appended material followingRuatto’spresentation.

SteelProperties-Unirradiated

Theworkofthe Monbushofhtiguetestprogramin Japan to developmini-sized test techniques, study size effixts,
developa stmimxmtroltesttechniquewithouteantaetingthe specime~and determine the fatigue behavior of JLF-
1 steel was describedby A. Kohyama. A hydraulicservo+xmtrolledtesting machineusing laser measurements
hasbeendevelopedthat shouldbe applicableto hot-labtesting. Testing of till-sized hour-glass specimens (100
nun long 9 mm at the center of the speeimen)and miniature speeimens(25.4 mm long, 1.25 MMat the center)
measuredcomparablepropertiesexeeptunder the conditionofvery low cyclefatigue. The machine was used to
@t JLF-1basemetal and TIG weldments,and the results indicatedthat fatigue strength (S-N eume) of the base



metal was less than that of the weld metal. A correlationwas developedbetween the fatigue limit and Vicker
hardnessthatwasn4atedto thetensilestren~ whichwasshownto providegood predictions for the fatigue limit.

A. Alamopresenteddataon theeffii ofthermalaging on the tensile and Charpy behaviorof six EuropeanUnion
@U)reducedtionferritichutensitic steelsand F82H and JLF-1. Aging was for up to 13400hours at 250,
350,400,450, and 550”C. The EU steels includedsteelswith high carbon and nitrogen (LA12Ta), low C with
(LA12TaLC) and without (LA12LC)tantalum and low nitrogen (LA12TaLN). There was also high (11%)
chromium (LA4Ta)and high (3Yo) tungsten (LA13Ta).

Therewaslittleeffixtofagingon the yield stressof the F82H tier aging 13400 h but the reduction of area was
signWlcantlyreducedabove400°C. The Charpy results for the EU steels indicated that there were chemical
compositioneffects.Forexample,agingthe high-tungstensteel to 10000h at 350,400,450, and 550”C, resulted
in a reductionofupper-shelfeneqy(USE)and an increaseof transition temperature for the higher temperatures,
which was associatedwith Lavesphase. There were also indicationsof chromium ei%xts,especiallyat 400°C
aging whichmaybe due to chromium-richa‘ formation. The F82H and JLF-1 showeda reduction in USE and
an increasein tition tempemhucafterthermalaging 13400h at 550”C,but little effectafter aging at 250,350,
400,and 450”C. Lavesphaseformationmayplay a role in this behavior. Tensile, creep, and Chmpy tests were
alsomadeon thermallyagedF82Hwekirnentsproducd bythe TIGand electronbeam (EB) prwesses. TIG welds,
which were post-weldheat treated (PWHT),displayeda similar strength but a slightly lower ductility and USE
cmpared to thebasemetal. In puticular, somedegmdationof impactproperties was found after aging at 550”C.
However,the results for EB weldswithouta post-weldheat treatment still need to be comparedwith steelsthat
have a PWHTto fidlyevaluatethe propxties of the EB weldments.

K. Shiba reported on the continuedprogress on the JAERI round robin tests that are generating a range of
mechanicalandphysicalpropertiesdataforthe IEAheatofF82H. Mechanicalproperty tests that havebeen made
or thatme in progms include* tensile,Charpyimpaz fatigue, fixture toughness, and creep. The range
of physical properties include density, specifichea~ thermal expansion thermal and electrical conductivity,
melting poin~ Young’s modulus, Poisson’s ratio, modulus of rigidity, and magnetic hysteresis. Chher
measurements include the determimtion of a continuousaling-transformation dia~ water Corrosiou
hydrogenpermeability,andhydrogencracking. Someof the mechanicalproperty tests have also been conducted
on agedsteeland on weldments. Shibapresentedrecent tensile, Charpy, fatigue, and fracture toughnessresults
on thermallyaged and unagedF82Hsteel. Analysisof the extractedprecipitates from the aged steel indicateda
tendencytowardthe productionofLavesphase for steel agedat 550,600, and 650”C. Mechanicalpropertiesof
the weldmentsweregenerallycomparableto the base metal.

Fabrication of the blanket structureof a fusion power plant presents many di.fhdties, especiallywelding and
joining and A, Hishinumapresentedinformationon a potentialjoining technique. Hot Ismtatic Pressing (HIP)
bonding is a potential techniquefor certaingeometries. However,the optirmun conditions for HIP bonding are
150MPaat 104O”Cfor2 h followedbytempaing. Sucha hightemperatureand long hold time ean have negative
effectson the propertiesdue to austenitegrain growth. Sparkplasma sintenng (SPS) bonding, which involves
the formation of a plasmabetweenthe parts beingjoin~ is hing studied by JAERI as an alternative to HJP
bonding. SPS conditionsare 20-50 MPa at 800-900°Cwith hold times of 0.08-1 h. Excellentjoints havebeen
obtainedwiththis techniquqthejointsare improvementsoverHIP-bondedmaterial in metallographicappearmm
and strength.

SteelProperties-Irmdiated

The status of the JAERIirradiationprogramon F82H was reviewedby K. Shiba. Irradiations are being carried
out in the High Flux IsotopeReactor(HEIR)in the U.S./JAERIcollaborationand in the Japan Materials Test
Reactor (JMTR) and the Japan Research Reactor (JRR-2/JRR-3/JRR-4). Accelerator (dual/triple beam)
irradiations are also being conducted. The program involves tensile, Charpy, and tlacture toughness
measurementsand microstructuralstudiesof the irradiated steel.
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E. V.vanOschxeportedon xesultsof work at ECN at Petten on post-irradiationproperties of the IEAF82Hplate
and welds. Irmdiadonwas in the High Flux Reactor (HFR)to 2-3 dpa and the testing (tensile, impa~ and static
fmcturetoughness)is in progress.A 65 kg heatof steel(ECN-BS)was obtainedand irradiated with F82H. ECN-
BS contained somewhatmore Cr, C, and Ta and less B than the F82H. The ECN-BS steel showedimproved
Charpypropertiesover the F82H afier irradiation to 2.5 dpa at 300”C. Comparisonwas made betweenEB and
TIG weldrnentsof the IEA F82H. Before irradiatio~ the EB welds had a higher strength and ductility testing
of the irradiated welds is in progress. Irradiations to 10 dpa at 300°C are in progress, with the testing to be
perliormedunder the next EU FrameworkFrogram (1999-2002). The F82H is included in this experimen~but
emphasisofthisframeworkpmgmmwillbe on the newEUROFERsteels. This experimentwill also includework
on Bdoped steels to investigatethe effixt of helium on properties, to investigatethe distributionof the boron in
the steel, and to measure the helium content.

The Japaneseuniversities (Monbusho)program on the propertiesof irradiated reduced-activationferritic steels
fortision reactorswasreviewd byA Kohyama.Mostof this work was on the JLF-1. The first irradiationswere
carriedoutin FFf’F. The mults included: tensile studies conductedon steels irradiated to 60 dpa at 365-600”C,
swelling data obtained after irradiation to 70 dpa at 420°C, ADB’IT (change in ductile-brittle transition
temperature)data obtainedfrom irradiations to 50°C at =400°C,and pressurkmd-tubeirradiation creeptests for
speeimensirradiated to 35 dpa at 520°C. Current work involvesexperimentsin ~ JOYO, and JMTR At
presenta dual-beamion-irmdiationfacility (DuET) is being constructedat KyotoUniversitythat will be usedfor
tlture in-beamstudies. The facility is expectedto begin operation in FY 1999.

Another Monbushoeffort is the Ferntic IsotopicTailoring (FIST) experiment in which isotopic-tailoredF82H
diskswereimdiakd in HFIRto simulatethe fhsionenvironmenteffixt.sof producing hydrogenand helium in the
steel. Preliminary results from TEM and shear-punchtests havebeen obtained aqd are being evaluated.

The effect of tantalum in the ORNL 9Cr-2WVTasteel on Charpy and tensile properties after irradiation was
discussedby R L. Klueh. The steel has excellentstrength and impacttoughness beforeand after irmdiation in
theFast Flux Test Facility (FITF) and the High Flux Reactor (HI?R).The ductile-brittletransition temperature
(DBIT) increased only 32°C after 28 dpa at 365°C in FFTF, comparedto a shift of =60°C for a 9Cr-2WV
steel-the same as the 9Cr-2WVTasteel but without tantalum. This differenceoccurrd despitethe two steels
havingsimilartensilepropertiesbefoxvand after irradiation. The 9Cr-2WVTasteel has a smaller pnor-austenite
grains&, butotherwisemicrostructure are similar before irradiation and show similar changes during irradia-
tion. The irradiation behaviorof the 9Cr-2WVTasteel differsfrom the 9Cr-2WVsteel and other similar steels
in two ways: (1) the shift in DBIT of the 9Cr-2WVTa.Q~l irrad.iatd in ~ d- not sa~te with fluenceby
=28 @q whereasfor the 9Cr-2WVsteel and most similar steels, saturationoccursby <10 d~ and (2) the shift
in DBTT for 9Cr-2WVTasteel irradiated in FFI’F and HFR increasedwith irradiation temperature,whereasit
decrmsedforthe 9Cr-2WVsteel, as it does for most similar steels. The improvedpropertiesof the 9Cr-2WVTa
steel and the differenceswith other steels were attributed to tantahun in solution and the loss of that tantalum
during irradiation by precipitation. The precipitation still needs to be confirmed.

ODS Steelsand AlloyDevelopment

B.van derSchaafreviewedthe possibilityof oxide dispsion-strengthened (ODS) steels for fusion applications.
Thesesteelscontaina high numberdensityof (TiOzor YQ) oxide particlesthat provide enhanced creepstrength.
Oneproblemwiththeconventionaland nxluced-activationferritichnartensiticsteelsbeing investigatedfor fusion
is that the upper operating temperaturewill be limited to Z550°C,and this limits the systemsin which they can
be used (e.g. water-cooledsystem). ODS steels with their improved creep properties offer the possibility of
extendingthat temperatureto 600°Cand higher. Becausetheyare strengthenedby a high number densityof small
oxide pticles, the oxide particles could provide sites for defect recombimtion and helium trapping and thus
reduce swelling and suppress helium bubble effects. Most of the prior work on these materials for nuclear
applicationswereforfbel canning for fast breeder reactors. The results for that application indicatedsignificant
improvementin creepstrengthover conventionalsteelswith the helium effixts suppressed. The major problems
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involved the anisotropydue to the powdermetallurgyfabrication techniquesused to make the tubes. There is
limitedexperienceon thick-wallparts, and although reduced-activationODS steelsare being develop@ there is
as yet no literature information availableon them.

Vander Schaafconcludedthat the ODSreduced-acdvationsteelsbeing developxl showconsiderablepromise that
indicatestheyCOU14if develo~ extendoperating temperaturesabove600°C (assumingcreepcontrolsand not
cmmsion)and reduceheliumeffii. Howwer, the fabricationroute needsto be developedfor the larger sections
needed in a fbsion reactor blanket. Joining may present some di.flicultyand should be addressedearly in the
developmentstage.

Workonthe developmentofODSsteelswasdescribedby A. Alamo. The highdmxnium ferritic steels (MA 956
andMA 957)hadelonfytedgrains(reay@kd grainsize01 IIUQnxrystallization temperature>1300”C)with
a high texhue,anisdmpic pmperd~ and lowductility. The creepand aging bebaviorof these steelswas studied.
TheMA 957withan opdmbed grainsiz showedexcellentcreepredstance at 650”Crelativeto a 15-15austenitic
stainless@especially for longer rupture times (>104).Precipitationof intermetallicphases (x, Laves, and a’
phases)was detectedin the thermal aging studies and irradiation experiments.

The developmentofa 9Cr ODSsteelwhichcantmnsformto martensiteis being pursued. The objectiveis to avoid
intermetallic phase precipitation and reduce the anisotropy of the properties compared to the fully ferritic
materials. 9Cr-Moand 9Cr-W steels containing Y203are being examined. These steelsdevelopedan eqiaxed
grain structure when normalized and temped and there was no grain growth in the range 1OOO-125O”C.The
yield stress for each of these steels was higher than that for MA 957 with a somewhatAu* but still him
reductionof area. This developmentstudy is continuing.

A. Hishinumarepoxtedon the JAERIHorts to producean ODS reduced-activationferritic/ martensiticsteel. The
compositionsthat have been investigatedwerevariations on the F82H with 8°ACr, O-1.75’%0W, O.I-O.28’XOTi,
0.15%0,0. 1-0.23%Y, 0.12%C. Themanut%hningprocessinvolvedmechanicalalloyingthe powdersfollowed
by hot extrusion at 1050°Cto fabricatethe steel, afterwhich it was normalizd and tempered. Microstructure
havebeenproducedthathaveatine-gmin stmcmrethatappearsrelativelyequiaxed. ExcellentCharpyand tensile
propaties wexeobtainedfromseveralof the experimentalsteels. The compositionalvariations indicatedthat the
tensile propertiesdependedon the YZ03and tungsten content but much lesson the titanium content.

G. R Odette discussed the reeent review of the tision materials program in the U.S. by The Fusion Energy
Systems Advisory Committee of which Odette was a member. They recommendedthat the fhsion materials
program seek to integrate modeling, experiment and data-basedevelopmentto developadvancal materials for
fusion. This means bringing more modeling into the materials programjas the committeeviewedthe program
as being deficient in this area. Odettefeels that one area where such an approachcan be applied is the studyof
ffactmeoffiuiionreactorcomponents.Sincefracturebehaviorof irradiated materials is of critical importancefor
fusioz micromechanical-basd local fracture modelsneed to be applied with small specimenmeasurementof
ilactummistance on unirmdiatedand irradiated material to provide the resultant propertiesnecesszq to predict
limitsforfiudonstructures. These results need to be fiuther combinedwith microstructure-propertymodelsthat
reflect the effectof alloy composition processingvariables, and irradiation. The implementationof such an
integrated approach was discussed in terms of work being conductedat the Universityof California at Santa
Barbara. As one example, work on reactorpressurevesselembrittlementwas cited and discussed.

HeliumEffeetsStudies

Electronmicrosmpystudiesof the reduced-acdvadonferritichartensitic steels IEA F82Hand OPTIM.AXA were
discussed by R. Schaiiblin. The F82H was irradiated to 0.5 and 1.7 dpa with 590 MeV protons at PSI in
%vitzerlan~andF82Hand OPITMAXA were irradiated to 2.5 dpa at 250°C in HFR in Petten. The dislocation
structm, carbidecompositionand siz Wributioz and@n/lath hmlary chemistryof the F82H irradiatedwith
protons were determined for the unirradiated (beforeand after tensile deformation)and irradiated steels. The
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resultsfor the proton irradiation of the IEA F82H generallyindicatedthat there was essentiallyno differencein
the micr@r@md de$tztain the as-received(unirradiated),deformed(materialtaken outside the necked region),
and irradiated conditions. The MnC~particles,whichconstitutedthe majorityof the precipitate,were found to
be coherent with the matrix. Chromium enrichmentat prior austenite grain boundaries was detected for the
normalized-and-temperedsteel,but after irradiatio~ chromiumdepletionwas observed.

Neutron irradiation of OFTIMAXA at 250°C producedno defects,but facetedcavitieswere observed. For the
F82~ on the other Imr@no cavitieswerepresen~but black dot (loops)damagewas observed.

Helium effectsstudies using borondoped F82H steel irradiatedin HFIRand JMTR were reportedby K. Shiba.
Standard F82K which contains a small amountof naturalboromF82Hto which natural boron was add~ and
F&Wto which1%wasaddedwereCOmpamd.The1’%is transmutedto helim, natural boron contains =20Y010B.
Irmdiationin HFIR at 300-500”Cup to =30 dpa producedve~ little effecton the tensile properties (yield stress
and totalelongation).Tensilespecimensimadiatedin JMTRto 0.7 dpa and 120appm He for the 10Bdopedsteel
had little effect on the yield stress, but there was an indication of a slight reduction in total elongation and
reduction of area. Although the standard F82H and the F82Hcontaining the *OBaddition had similar Charpy
impactpropertiedintheunim&Wd conditiomirmdiadonto 0.24).6 dpa at 250-350”Cin JMTR produceda much
largershiftin the Charpytransition temperaturefor the *O13doped(=100appm He) steel. At temperatures above
=400”C, there was only a small difference in the Charpy behavior of the steels with and without l%.
Micr@mcbd examinationof steels irradiated to 57 dpa in HFIR indicated2 x 1021m-3(3 nm) cavities present
in the l%doped steelbut none in the nondoped steel.

E. Matera-Morrisreported on the effectof helium on steelsafter dual-beamirradiation and neutron irradiation
in the HFR ~ I hardenedmorethan the F82Hdid during dual-beamirradiation to 0.3 dpa and 500 appm
He. For irmdiadonsin HFR at 300°C, a larger shift in Charpytransition temperaturewas chewed for MANET
I and OFTIFER II than for the ORNL9Cr-2WVTaand F82H. Dual-beamirradiation of the F82H to 0.8 dpa and
300appmHeat 250°Cproduceda largershift in the transition temperaturethan for a similar irradiation in HFR
The exctss shiftwasattributedto helium. Likewise,to explainthe relative Charpytransition temperaturebehavior
ofMANEf L OPTIFERILF8m and 9Cr-2WVTa(listedin orderofdecreasingtransition temperature shift) after
irradiation in ~ the results werecorrelatedwith 1%content which transmuted to heliw although it was
stated that the helium contribution to the shift in transition temperaturecannot be determined quantitatively
becauseit is not possibleto separatehelium and alloyingeffects. Scanningelectronmicroscopyobservations of
relativeamountsof cleavageand intergramdarfractureon the fracturesurfaceswere correlatedwith the Charpy
results (change in transition temperatum).

A. Kimuradismssd a small punch test procedureused to evaluatethe effi of helium on the DBTT of 9Cr-2W
steels. Disk specimens3-mm in diameterand 0.22-mmthick were irradiated in a 36 MeV a-particle beam from
a cyclotron. An energydegraderwas used to Wormly implant 120and 580 appm He (0.048 and 0.23 dpa) in
the disk Irmdiadonwas at <150°C. Hardnessdata wereused to estimatea yield stress and yield stress increase
(Au,) during irradiation. Data from JMT’Rirradiationswhereno helium was present indicated that the shift in
yield stress fit a dpa]’4law, which agreedwith the results for the cyclotron-irradiatedspecimens, indicating no
heliumeffkcton hardening(justtheet%ctofdisplacementdamage). The data for the cyclotron-irradiatedmaterial
fit the IincarcorrelationbetweenAOYand ADBTTobtainedfrom the JMTRda~ indicating that helium did not
tied the shift in DBIT. From hardening changesduring annealing, it was found that helium reduced the rate
of recovay of the irmdiadonharden@ suggestingthat helium stabilizesthe def~ clusters. TEMindicated that
heliumdecnmed the sizeofthe clustersbut increasedthe numberdensity. In this experiment irradiation to 0.23
dpa and 580 appm He at <150”Cdid not affectirradiationhardeningand embrittlement.

E. V. van Osch reportedon work being started to studythe post-irradiationwelding of heliumumtaining steel
at ECN in Petten, Neutron irradiatedF82H platesof 1,3, and 5 mm thickness that were irradiated in HFR to 2
dpa (=5 appm He) and some 1 mm plates that were irradiated to 2.5 dpa were available for the study. The
irradiated 1, 3, and 5 mm plates were successfullyTIG weldedto unirradiated plates with no external def~
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detectedby SEM. The 1 and 3 mm plateswe~ weldedin a singlepass with no filler metal, and the 5 mm plate
containeda Y-grooveandwasweldedwith 4% passes. Further inspectionof the welds is planned. Heats of steel
have been ordered with %, ‘lB, and natural boroz so that it will be possibleto genemte various amounts of
helium up to 250 appm He and higher.

Strategyfor the Developmentof Ferntichfartensitic Steelsfor Fusion

Presentationsweremade on the strate~ for the developmentof ferritidmartensh.icsteels in Japaq EU, and the
U.S.byA Hishinm B.van derS&a& and F. W. Wiffeu respectively. The stated goal of this sessionwas the
development of a united strategy that emddbe presentedby representativesfkomthe Working Group (van der
SchaafandHishinurna)to an IEA panel that was meeting in Copenhagenthe followingwee~ 5-9 October 1998,
to considera coordinatedstrategyfor fusionrnaterkdsdevelopment.

The strategiesfor Japan and the EU are pointedtowarda DEMOusing a martensitic steel, and this gives rise to
dates for seleeting a given material for the constructionof the plant. Japan has a potential date of 2015 for
seleeting a materird for DEMO, and the EU has a date for a DEMO-rekwant design by 2009 based on
conventional-typefernticimartensiticsteels. ShouldODS steelsbe successMy develo~ the date for a DEMO-
relevantdesign for this material wouldbe 2015.

In contrast to Japan and the EU, the U.S. has no plans for a DEMOand instead is invoIvedin a scienee-based
approachin whichthe teehniealprogramwillemphasize,“enablingtechnologiesfor plasma experiments, domestic
and internationally.”The materialsworkwillbe targetedat developingmaterialsthat will support economically
attractive,environmentallyattractive,and safefiion energysourcedesigns.

A. KohyamapresentedsomeIiuther viewson the Japanesestrategy. He expressedeoneem about what shouldbe
donebeyondtheworkp=ntly beingcarriedonthe largeheats of the IEA F82H and JLF-1 that are bekg studied
in the IEA collaboration. He emphasizedthe needfor a clear strategyfor ferritic.hnartensiticsteel development
to be presentedto the fiion eomnmnity.

The discussionon the strategiesof the variousprograms indicatedthat at present it appears there are common
fzwum in thestrategiesof the the pm-starting with theneedto coordinatethe materials developmentwith
the designandenginemingcwnnmnity.Thequestionofwhetkr ferromagneticstructuralmaterials are acceptable
for magnetically confinedfusion still needsto be answe~ as do questions on the effectof the simultaneous
helium and displacement damage on properties (embrittlement). An expansion of the design window for
ferritidnuutensiticsteels is desirable,and it is agreedthat the ODSsteels offerthe best approach to achievethat
goal by raising the operatingtemperature. This developmentneedsto be pursued.

Otherquestionsvitalto the applicationof ferritichnartensiticsteelsto fusion includenuclear transmutations that
will burn out elementsof the steel (e.g., W, T%etc.), the effkctof tungsten on the breding ratio, compatibility
issuesandthe needforbarriersor other coatingsfor the steel. The urgent needfor a 14MeV neutron sourcewas
again emphasized.

DespitedifRemmtobjectivesoftheEuropeanUnioUJaw and the United Statesand given the time and finaneia.1
eonstdnts on the programs, the complexityof the commonproblemsstanding in the way of the three programs
meeting their respectivegoals makes a coordinatedeffort of international collaborationby the three programs
essential if their goals are to be achieved.

Action Items

Noformalactionitemsweresetforthat thismeeting.However,the followingaction item from the Tokyo meeting
has not yet been completed:
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Considerablework has now been completedon the IEA heats of ferritic/ martensitic steels.
Compilationsof the work on the IEA heat of F82H by the Japaneseand European Union are
being preparedby K. Shiba and R Lindaw mspeetively,who will consult on an exchange of
reports and a distributionof the reports to other members involved in the IEA collaboration.
In the film-e,a report smnmrking the workbeing carried out in the EuropeanUnioZ Jaw
and the United Stateswill be prepared.

K Shiba has agreedto continuethis cooperativeeffortwith R Lindau. In additio~ E. van Osch has expressed
his interest to Shiba in participating in the effort.

On an informalbasis, the EU approachedShiba requestingthe JAERI irradiation matrix for F82~ so they ean
avoidduplicationin their program. Shiba has this information in his database, but he also agreed to prepare a
hard copyand distribute it.

OtherInformation

Althoughit wasnot discussedformallyin the meeting, the EU has ordereda 4000 kg heat of EUROFER97, the
EUreduced-activationreferencesteel for DEMO. Deliveryis expectedin the spring of 1999. Most of the ingot
willbepmeeasedintoplatetobeusedfor the EU testing program for wrought and weld products. Tens of meters
of tubeswillbeproducedthatwill be used for weldingtrials and componentmeek-ups. Weldsfor testing will be
madelyfkionand HIPproceses. Therewillbea limitednumber of forgedbars, some of which will be atomized
forpowderproduetsthat willbe madebytheHIPprocessfor qualificationof the process. There are plans to offer
material to participants in the IEA programfor evaluation.

NextMeeting

The next meeting of the Working Group will occur on one evening of the ICFRM-9 Cmferenee in Colorado
Spti~ Colorado,USL duringtheweekof 10-15October1999. Thismeetingwill serveas the planning meeting
for the next workshop,which will be held in the fall of 2000.




