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Capsules J W  Lhrougli J1’ 16 weru iiisudled in die Iligli Flux Isolope Reactor (IIFIII) 
target July 20, 1990, fc11 i i~adkilic~ii hcgiiiiiing will1 1 ~ 1 1 ~ 1 R  fuel cycle 289. Of Uiese eight target 
capsules, 11’10, 11, 13, and 16 coinplcted Uieir scheduled iiuinbcr of cycles (1 I )  and were 
rcinovcd from Uie reaclor in Septeinbcr 1991. 111 addiiioii, 11’14 was removed from Uie reactor 
at the cnd of cycle 310 (9/lX/92) after 21 cycles. 
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activation library, Uic U.S. Nucle;U 1)aLi Lihr;iry (k~NIlr~lB-Vl), :urd the Iluropean Activation 
File (EM-2) .  175 a id  99 ~nulli-grm~p vcrsioiis were ;dso crc;itcd. All die &la are avnilable 
at the N;ilion;il Energy Research Supercoinputer Center. 
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Tungsten has been used iii :I variety of low iictivatioii feiTitic :illoys and also in copper 
composite alloys, bodi currcmly k i n g  umli;itcd ill v:uious f w i m  nixtcri;ds cxpcritncnts. I t  
has been proposed :IS iiii armor inatcrial also. llowevcr. iii a niiiilnei- Uiiil is suoiigly 
dependent on  iieuuoii specwa, lungsten Imisniutes su-oiigly to rhciiium and Uien osmium. 
This adds signilicanl complexity tu Uie iiiterprctation o1d;ila developed in one spccual 
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Calculations have been pcrfnnncd to estimate the ionizing aid displacivc indialion 
fields that will occur i n  ccranics during imdiatiou in accelerators aiid lission and fusion 
reactors. A useful Inr;lsurc of  the relative suenglli of ionizing Y S .  displx ivc radiation is Uie 
ratio of Uie absorbed ioiiizitig dose to  die displaceinciit dunage dose. which in llie ciuc of ion 
irndialion is equal IO the ralio (11 the electronic st(ippiog  pow^ to the nucIc:r stiippi~ig power. 
In cerxnics such as A12O3. t h i s  ia t io  i i  ;iboul 20 at :i lusinn re;ictor lirsl w:ik and has a typical 
value otabout 100 iii a fusion re:ictor blanket rcgion and in mixed specuuin reactors such as 
HFIK. Particle acce1cr:itor soui- typic:llly h v e  much higher ionizing to displacive radiation 
ratios, rdngiiig from about 2000 for 1 MeV prototis to >10,000 Cor 1 MeV electrons. 
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A new decay &la library has been completed. 'l'lie new library contains up-Io-daIe 
decay infonnation (half-lives, braicliing ratios, decay energies, y's energies and intensilies). 
Activation responses such as Uie air a id  water biological hazard polenlials, the w a l e  disposal 
raling, aiid the biological dose are also included in Uiis library. ReccnUy developed cross- 
section libraries have been acquired to be used togelher wiUi Uie decay data library. 
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Activation calculalions have been made for Uie austciiitic slcel 316SS. Uie ferrilic 
alloys H1'-9, Uie ticuiium alloy l'i6AI1V. aid Ihie vanadium :dloy VSCrSL'i in a liquid inelal 
(Na) design suggested recenlly for ITER. 'l'lic calculations sliow Uiat Uie vaiiadium alloy has 
the minimum shorl a id  long-lenn radioxlivily and 0111'. 11 also has die minimum decay heat 
all the time. The lilniuin alloy has Icss radioactivily Uiiui Uic austenitic and Uie ferritic alloys. 
Ilowcver, the decay heat of Uiih alloy could exceed Uu t  of  the conveiitioiial alloys. 
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Proper assessment of Uic inecliaiiical properties along interfaces of bonded structures 
currently used in inany fusion reaclor designs is esseii1i;il to coinpare Uie differenl fabrication 
techniques. A Mechanical Properties Microprobe (MPM) was used to measure hardness and 
Young's modulus along the inlerfaces of Bc/Cu bonded structure, 'l'lie MPM was able to 
distinguish differenl fabrication tcchriiques by a direcl mcasureinent of Ihe hardness, Young's 
modulus, aid WE2 which reflects Ihc ability (IC detorinatioii o f  Uie i n t d x i a l  region. 

GREENS FUNCTION MErHODOLOGY FOR FMCI'tJRE MECI~IANWICS OF Sic-Sic 
COMPOSITE STRIIClZTES -- A. El-Azah and N. M. Ghoiiiem (University of Califoniia. 
Los Angeles) . . .  

A fundanental solution of plane elasticity in a finite doinain is developed in this paper. 
A closed-fonn Green's function for llie elastic lield of an edge dislocation of arbitrary 
Burger's vector at an a r h i m y  point in an orthotropic h i re  electric doinain, that is free of 
traction, is presenled. Uie method is based on Uie classical theory of potential fields, with an 
additional distribution of surface dislocations l o  salisfy the free uaction boundary conditions. 
A solution is first developed for a dislocation in a semi-infinite half-plane. The resulting field 
is composed of two par&: a singular coilhibution from Uie original dislocation, and a regular 
component associaled with Uie surface distribution. The Schwarz-Chrisloffel transformation 
is then ulilized to map the field quaililies to a finite, polygonal domain. A closed form 
solution containing Jacobi elliplic fuiic~ions is developed for rectangular domains, and 
applications of Uie ineUiod to prohleins of fracture and plasticily are cinphasized 
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5.1 FACTORS WHlClI CONTKOL THE SWELLING OF Fc-Cr-N ERNAKY AUSTENITIC 

ALLOYS 4. A. Gamer and D. I. Edwards (Pacific Northwest Laboratory) . . . . . . .  

In agreement with lunitcd earlier studies. a comprelieosive irradiation experiment 
conducted in EBK-I1 dcmonsll.ates lliat while cold-wurkiiig decrcaxs swelling of Fe-150- 
XNi (X=12-45 ~ 1 % )  alloys at relatively low irradiation temperatures, i t  increases swelling at 
higher temperatures. Aging of cold-worked specimens to produce polygonized dislocation 
networks lends to further inLTcase swelling, cspccially at higher nickel b25%) levels. 
Swelling at lower nickel Ievcls also appears to be sensitive to dclails of lhe annealing 
trenmen t. 

THE INFLUENCE OF COLD WORK LEVliL ON SWEl.I.ING OF PUKE COPPER 
IRRADIATED BY FAST NEUTRONS OK ULECI'RONS -- I:. A. Gamier (Pacific Norlhwest 
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Laboratory) and D. N. Sing11 (]lis@ Natioilal Labomtory) . . . . . . . .  . . .  127 

Pure copper Itas becii ill-adiated i n  a varicty of slarting conditiotls by eilher 1 .O MeV 
electrons or f~ neuuoi~s in Fl~T17-MUI'A. lilectroti u~adiation :it 250 and 350°C produces a 
non-monotonic swclling behavior as it fuiiction of cold work level, increasing swelling at 
lower cold work levels and dccrc:isiiig swellitig at higlrer cald-work levels. In  F F F  at 365 
and 430°C. howcver, 10%~ cold-work rcduccs swelling iu i t i i~ l ly ,  with little ;~dditioir:ll inllucnce 
at higher cold-work levels. Swelliiig :it S20 aid 600°C is less U i m  I%.  al 15.9 ;uld 13.6 dpa, 
respectively, with l i ~ l e  effect of cold work Icvcl. 

THE INI~LLIENCT OF DE'I'AIL S 01: IIEACI'OR IIISTORY ON MICROS1XIJCI'U~l. 
DEVELOPMI!" DURING NI UI'KON IIIRADIAI'ION -- 1:. A. Gamer (Pacilic Northwest 
Laboratory), N. Sekiinura (Univ of'l'okyo). M .  L. Grosshcck (Oak Ridge Nalional 
Laboratory), A. M. Etmi (Wcsriiighouse I Irutford Cotnpai~)'), J. W. Ncwkkk (U. of MO- 
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Rolla). 11. Wa~itiabc (Kyusliu Uiiiverdy) aiid M. Kki~uii  (Nagoya llnivcrsity) . . 129 

Microslructurally-orietitcd in;tdiation cxperiirrcnts arc sliowtl in !his paper to be 
strongly dependent on details of reactor history lhat Ircquenlly we iiot brought to Uie 
experimenter's attention. I n  S O ~ C  cases, tliesc details cw dominate tlic expcrunent so as to 
produce very mi.sle:iding trsul~s. To aid it1 the design luid interpretation of microsmcturally- 
oriented experiments, a nuinher of sludies are reviewed 10 liiglilight history cffects and then 
guideliiies arc presented to miirunize Ihie iiiipatc~ of i-e~ctor hirtory i n  ncw experiments. 

NEUTRON-INDIICED SWELLING OF PUIE NICKIL AND NICKEL BINARY ALLOYS 5.4 
.. I;. A. Ganicr (kicific Norlhwest 12:tb(ir;itoi-y) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141 

Tlie second wid last phuc of Uic EBll-I1 AA-I4 cxpcri~neiit confirms ma iy  oflhe 
trends ohservcd iii Phase I (if the expcrimctrt. l%asc I re;iclied 12 to 14 dpa for pure nickel 
and nickel-biiiary alloys at 425. 500, auid 600°C I'haise I I  re:ichcd 31.1 to 31.8 dpa at Ihc 
same tempcnltures. 

DEFECT PIWDUCI'ION IN I1IKN)IA'I'ED MIXALLS -- 11. I.. Hcioisch (t'acilic Northwest 5.5 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . 145 

Our knowledge oftlie processes involved i n  c r c a h g  dcfeck. during cascade-producing 
irndiations is reviewed. Molccul ;~  dynamics simulations williin Uic past few years have led 
to an understanding of the creation atid survival of poitit defccts in Uie criticd lirst 
picoseconds of the cascade process, through Uic queucliitrg uf Ihc Uierinal spike. The concept 
that "freely migrating del'cct~'' arise o n l y  li-oin iso1;ited lrcnkel pairs produccd in a cascade is 
critically discussed. 
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5.6 MOLECULAR DYNAMlCS CALCULATIONS OF DEFECT ENERGETICS IN &SIC* -- 
Hanchen Huaig.  Anter El-Auh,  aid Naisr Glioiiicin (Uiiiversily of Clllifomia, Los Angeles) . . . .  150 

The Molecular Dynamics (MI)) ineUiod is used to calculate defect energetics in 0- 
silicon carbide. Maiy-body iiitei-actioii effects in this cowleiit inateiial are accounted for by 
using a hybrid of two-body and diree-hody polenli:ils. Calculated bulk properties of 8-SiC 
based oil Uiis potential iue in agreeinelit wid1 experuncntal data to wiUiin 17%. A micro- 
crystal is constructed to represent Uie coinpulatioiial cell and extcr~ial forces are applied to h e  
micro-crysnl so Uiat it behaves as a part of ai infinite medium. The potential energy for the 
unpcrturhed coinputalioilal cell is first calculated. The cell is Uien set at a defect configuration 
and relaxed, and the potential ciicrgy of h e  relaxed cell is calculated. Tlie difference between 
tlie p t e n l i n l  ciicrgy of Uic unperturbed cell and Uial of Uie defect-containing cell is used to 
calculate Uic fonn:ilioii wid billding ciicrgies of point dcfecl~, dcfccl clusters, and helium- 
vacancy clusters in Sic .  

6.0 DEVELOPMENT OF STRUCTURAL AILOYS . . . . . . . . . . . . . . . . .  163 

6.: FERRITIC STAINLESS wmxs . . . . .  

6.1.1 EFFECTS OF HYDROGEN AND LOADING MODE ON T I E  FRACnlllE’I’OUGMNESS 
OF A REDUCED ACTIVATION ITXRITIC STAINLESS S’IEEL -- H. 1.i (Washington 
Stale University), R. 11. JOIICS (Ricilic NorUiwest I.ahoratory), J. 1’. 1IirUi (Washington State 
Universily), wid D. S. Gelles (1’:icilic Northwest Ldhoraloiy) . . . . . . .  

I b c  l u l l  speclrtun of fr:iclure Iouglii~css (J integrals), including pure mode I ,  different 
mixed mode Ill11 and pure inode 111, will be examined for a ferritic/mautcnsitic stainless steel 
wilh O . I C - X C ~ - ~ W - ~ . ~ V - ~ . O ~ T : I - ~ . ‘ ~  (by wt%), desigiiatcd ~LT F-8211. Tlie J integrals of pure 
mode I (JIG) and mixed mode 1/111 (Jlnixcd) are delcriniiied with siiiglr specimen meUiod 
using standard compact tensioii specuneiis a i d  inodilied compact tciision specimens, 
respectively. The pure inode 111 iiilegl‘al is mcasured wiUi multiple specimen inelhod usiiig 
“triple-paillleg” specimens. Ellccts of hydrogen oil the J integrals of pure mode I and mixed 
mode YlII are also going IO bc studied. 9 ppm 11 (about 500 appm) is pre-charged into 
specimens caUiodic;illy. The preliminary resulls showed Uiat addilioii of mode 111 Stress 
(shear stress) to mode I loading had a significant iiegalive c l k t  on thc fracture toughness of 
F-8211. 

6.1.2 IRRADIATION CREEP /WD SWTLI.ING Or 
1Mo TO 208 DI’A AT -400°C -- F. A. Gamer (Pacilic NorUiwest Laboratory), 
M. B. Toloczko (University ol Caliloroia at Saita Bruhan) mid C. R. Eiholzer (Westinghouse 
Hanford Company) . .  . . .  . . .  . . . . . .  . _ . . _ _  171 

The irradiation creep behllvior of Uie fusion heats of “I9 and 9Cr-1Mo at -400°C has 
been measured to exposures as large as 208 dpa. E119 is somewllat nonlinear in its response 
to hoop stress level in Uie range 0-200 MPa, but 9Cr-1Mo exhibits only slightly greater than 
linear behavior wid1 stress level. The strain data of both alloys appear 10 include some 
contributions from precipitate-relaled density changes. Swelling may have occurred in 9Cr- 
1Mo. 

6.1.3 EFFECT OF VANADlllM AND TlTANlLIM ON MECllANlCAL PROPERTIES OF LOW- 
CHROMIUM, REDIJCED-ACI’IVATION FERRITIC STEELS--R. L. Klueh and 
D.J.Alexander . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 174 

Tensile and Charpy impact t e s ~ x  were made on Uiree iionn~ized- id-iernpcnd 2 1/4Cr- 

HE RJSION I IEATS OF HT9 AND 9Cr- 

2WV (0.1% C) steels wiUi 0.1, 0.25. and 0.5% V (all coiiceiikalions arc in weight percent). 
lncreasiiig vanadium from 0.1 to 0.2S% increzwl the yield stress up to twenty percent. A 
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higher ductile-brittle wansition temperature (DB'IT) accoinpaiiied the higher strength of the 
0.25% V steel when hod1 were tempered at 700OC. Tcinperiiig at 750°C gave similar DBlTs. 
Increasing vanadium from 0.2.5 to 0,S% caused a slight increzw in  strength with a largc 
decrease in  toughness. nius a balance between strength atid unpact toughncss is achieve with 
an intennediate vatiadium coiiceii~~ition. Addition of0.02% Ti to 2 1/4Cr-0.25V, 2 1/4Cr- 
2W. and 2 1/4Cr-ZW-O,25V ( O . l %  C) steels caused a yield stress decrease of 10 to 30%. 
which was attributed to the effect of tilanium on the M C  precipitate distribution. The strength 
loss was accompanied by ai iilcreasc in impact toughness, which may also have been affected 
by a decrease in prior austenite gixin size. Furdrennore. diere was litdc difference in the 
DBTT of the Ti-modified steels tempered at 700 or 750°C. If i t  wcre possiblc to use a Ti- 
modified steel Uinperatcd at 700°C Ui i s  iniglit offset die strength adv:url;lgc of steels wilhout 
tilanium, which have to be tempered at Ure higher temperature. 

6.2 AUSTENITIC STAINLESS SL'I<ELS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189 

6.2.1 STRESS-MODII-'IEl> WEI.I>ING PROCESS 1:OR IIL~I.IUM-BEAIIING 'IYI'E 316 
STAINLESS STEELS -- C. A.  Wiriig iuid B. A. Chill (Auhui-ii lJniser.sity), and 
M. L. Grossbeck (Oak Ridge Niiti(iii:IJ I-ah~)i-~rt(~iy) . . . .  . . . . . . . . . . . . . . . . .  I91 

Experiincrils have showii lh:it Type 316 sUu~~lcss stecl is susceptible to hat-affected- 
c g;is IuligsLen arc (GlA) process 
zed 1 0  he c;iused by stress-assisted 
his study utilized :ui expeiimenul 

zone ( I I N . )  cmcking upon cooling when welded using 
under lateral consviol. l l ic cracking liiis k e n  hypodi 
helium bubble growth aid rupture at grain hounduies. 
welding setup, which enabled differciit c~iinprcssivc stresses to be applied lo the plates during 
weldirig. Autogcneous GTA welds were produced i i i  Typc 31 6 shinless steel doped wid1 256 
appm helium. The applicatioii o f a  compressive stress. 55 Ml'a, duriiig welding supprcssed 
the previously observed caustropliic cracking. Deliriled cxatninati~~ns co~iducted dler 
welding showed a dramatic chwrgc iii helium huhhlc in(irpIiol~~gy. Graio boufidary bubble 
growh along directions pwallel 1 0  Uie weld was supprcscd.  'I'lre rcsuILY suggest tliat stress- 
mcxlilicd welding tcchiiiques miry he used to \uppress or climinirtc Iieliu~n-induced cracking 
during joining of imadi:itcd iiiiitcrixls. 

6.2.2 ~ L A T I O N S I I I I ' B C T W E ~ N  SWILLING AND II<RN)IAIION CIUXI' IN COLD 
WORK!ZD I T A  STAlNI.ESS S'I'EI<L'lO 178 DPA A I '  -400°C -- M. B. 'TdWzkO 
(University of California at S;IIILI B:u-b:u.;~) :urd I:. A. C;:u-~ier i l k i l i c  NorUiwest Lahorat~ly) . . .  200 

At 178 d p  and -400"C, (lie iii-:idi:itioii creep hclravi(ir of 20%) cold-worked I T A  h u  
become doiniilated by the crccp di.;appe;u.;iiice pliciioinciroii. 'Ihc total di;unctr,il def0riIi;iuOn 
rate has reached die liini(iiig v;IJuc ~ i 0 . 3 3 % / d p a  ill die diree Iiiylrcst stress Icvels. 'l'he &tress- 
enhancement of swelling teiids to c;siioull:rge the oii\et o i  creep disappe:uancc. howcver. 

6.2.3 DENSITY CIIANGES OBS 1VI:I) IN I'URli MOI.YBI)ENIIM ANI) Mo-4IRe AFTER 
IIIRADIAI'ION IN 171~11~/M 'I'A -- I:. A. (;:iriier atid L. I<. Grccirwo(id (Pacilic NorUiwest 
Lahoratoiy) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  205 

Pure ~nolyhdcnuin iuid h~o-4Iwl'X Re, in both the 20%, cold-worked and aged and the 
annealed :uid aged conditioiis, wcre in;idi;iled iii ITI'I~'/MWI to  cxposurcs as high as 11 1 dpa. 
Pure inolybdcnun appears to appruach a suturalion swelliiig level U~nt is independent of the 
scarting s m ~ c .  Cold-worked m d  aged molybdeiiuin initially swells at a higher rate than Uiat of 
solution-annealed aid  aged inolybdeiiuiii aid oversho(~ts Ihe saturatioil lcvel at lower 
irradiation temperatures. 'This requires Uiat part of the accumulated swelling be removed to 
approach saturation. probably by void shrinkage. 'Tlie alloy Mo-41Re exhibit$ n more 
complex behavior wiUi Uie annealed a i d  aged condition initially swelling hster, but 
everitually Uie density change of both c ~ ~ i i d i ~ i ~ i s  begins to turn  dowuw:u.d and teiids toward 
densification. The role of solid u-;uisinucitiou 10 'Tc, Re, :uid Os is Uiouglit to he very 
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important in Uie irradiation behavior ofaese IWO mclals. Calculations of trdnsmutant 
generation are provided for ITI'F, IIFIR and SI'AKFIIC spectra. 

6.2.4 IRIIADIATION CREEP OF IWSSIAN IEDERATION PIZESSUIIKED TUBES IN MOTA- 
2 0  -- F. A. Garner (Pacific Northwest Laboratory), C. I< .  Eiholzer (Westinghouse Hanford 
Company), E. V. Dcinina:ind L. 1. Ivaiov (Bkkov Institute) . . .  211 

Iiradialioii ha? been completed in MUI'A-ZB lor creep tuhcs conswucted from a 
candidat' reduced activation austenitic alloy supplied by the Baikov Institute in Moscow. The 
total swains are sUongly dependent on irradi:itioo temperalure i n  tlic range 425-600"C. but are 
not completely linear with sues level. 

6.2.5 DENSlTY MEASUREMENTS PERI:ORMT:I) ON ISI'RA SECOND GENERATION AMCR 
ALLOYS IRRADIATED IN MUI'A-2A -- F, A. Gamer (Pacific NorUiwest Laboratory), 
P. Schiller (Ispra Establishment), aid  14, Takahashi (I~lokkaido University) . , , . . . , , . . . . . , , . . 216 

Density change measuieinenLs have been complctcd on Uic Ispra second generation 
AMCK alloys iindiiilcd i n  M U l A - 2 A .  The various coinposition:~l modilicatitrns induce a 
wide variation of swelling behavior ill Lhc range 423-600°C at 32-36 dpa. 

6.2.6 THERMAL STADILITY 0 1 ;  M~WGAN~SE-SI'ABILV.14) STAINLESS STEELS- 
R. L. Klueh and E. A. Kciiik (@& llidge National Laborainry) . . . . . , . . . . . , . . . . . . , . . . . , , , . 218 

Prcvious work oil a series of experimeiitnlliigli-inang;iiiesc reduced-activation 
austenitic stainless steels deinonslraled flint h y  had improved lciisile properties relative to 
type 316 stainless steel in both Ihe annealed :uid 20% cold-worked conditions. Steels were 
tested with an Fc-20Mn-I2Cr-O,25C ( in  weight percciit) h:wc composition, to which various 
cornbiimions of Ti, W, V,  P, and B were addcd. Tensile tests have now been completed on 
these steels aflcr Uiermal aging at 600°C. Tlicrinal suability varied wiUi composition, but thc 
alloys were as smhlc or more slable than t y p  3 16 sl;rinless steel. The swength of the ainealed 
stcels increased slightly ah!r aging to So00 11, while a swcngth decrrase occui~ed for Uie cold 
worked steel. In both conditions, il stocl contauniiig a combinzition of all the alloying clcrnenls 
was most stable and had llre hest slreiigth altcr Uiennal aging 5000 h at 600°C. Dcspite 
having much higher strcngtli Ui:m 316 stainless sicel after aging, the ductility of the strongest 
experimental alloy wa? still as good as that of316 st:Uiiless steel. 

6.2.7 COMPAKISON OF MICl<OSTI<UCTUKAL EVOLUTlON IN I?EACTOI1-IKRADIATED 
AUSTENITIC STAINLESS STEELS WITH AND WITHOUT SPECI'RAL TAILORING _-  
S .  Jitsukawa. T. Sawai, K. Shiba, S .  Ham;ida, and A. Ilishinuim (Japai Atomic Energy 
Research Institute) . . . . . . , . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . 233 

The e f l m s  of l~leldpa raljo on swelling behavior were exuniiicd on (hree austenitic 
stainless steels. Materials were solution-aincaled JI'CA and two low carbon containing alloys 
(C and K) modified wilh tikliliurn imd iiiohiuin. These steels were neutron-imdiated in ORR 
and HFIR wilh and without spect~zllly tailoriiig, respectively. Achieved damage level was 7.4 
dpa in ON< irradiation will1 average IMlpa of about 21 appddpa.  In case of IiFlR 
imdiation, Uiey were 33 dpa a i d  76 appiddpa, respectivcly. Alloy to alloy variation and 
temperature dependence of swelling behavior are far more dislinctively detected in ORR 
irradiation clian in HFIR irradiation, in spite of tlie lower damage level of ORR irradiation. In 
the case of ORR-irradiation. JPCA exliihited sinall swelling values of <0.01 and 0.03% at 603 
and 673 K. respectively, while a low carboil alloy K showed relatively larger swelling: 0.2% 
at 603 K and 0.6% at 673 K. Nuinber densitiics of cavities in HFIK-irradiated alloys were 
larger than chose observed in ORR by one to two orders. On the other band, number densities 
and sizes of dislocation loops produced by OllR irradiation were two to live tunes as large as 
those by HFIR irradiation. These facts suggest U~dt in ORR condition with closer Heldpa to 
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that o l  lusion, mutual annihilation rate of point defeco: was reduced and then h i s  driven 
cavity growth might be enllrmccd compared with 1WlK condition. 

6.2.8 MICKOSTRUC1'IJKES OF A WELDED JOINT lJSlNC AN IIIRADIATED WRAPPER 
TUBE--S. HamaUa, K. Wawiak, A. Hishinuma, 1. Takahashi and T. Kikuchi (Japan Atomic 
Energy Research Institute) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  241 

The bcliavior of helium in welded joint fabricated using tungsten iiiert gas (TIG) 
weldiirg process for a type 316 staiiiless steel wrapper tube irradiated in a fast reactor wils 
investigated. The wrapper iuhc was imadiated to (1.5 - 4.2) x loz6 n/m2 (helium level of 3 to 
9 appm) at 395 - 410°C. All welded joints fmcturcd in the hcat-:lffected zone (Ma). The 
microstructures of each portion of llie b&e m e a ,  Uie HA% and Uie fusion zone ill a welded 
joint were examined through a lransmission electroi~ microscope. Small helium bubbles were 
observed in tiumber density of 2 x 
boundaries ol the base meta l .  111 Uie I I U .  sln;ll w ~ d  large helium bubbles mixed rurd lined up 
along the grain boundaries. In pnrticular, soine of tbcm elongaied along the grain boundary. 
In the matrix of thc fusion zoiie, delta-ferrite phases aid unresolvcd carbides were scattered. 
Large cavities were iittached to these prccipihtcs and also occurrcd along grain boundaries. 
These results suggest Uiat Uie failure i n  [lie I I A Z  of welded joints is attributed to the 
prcfereniial growlh aid coalescelice ofhcliwn bubbles in the grain boundaries of the HAZ 
caused by weld heat input and sucss duiiiig welding 

6 .29 DOSE DEPENDI<NCE 01: Tl~l l i  MICIIOS'I'RU('I'IJKA[. EVOLLn'lON IN NIXJTRON- 
IRRNIIAlED AUSTENITIC S'l'AINI,I3S SIEIX, -- S. I. Zinklc, 1'. J .  Maziasi, and 

i n  Ihc matrix and rarely iound on the grain 

R. E Stollcr (Oak Ridge National Labor:nory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

populalions in neutron-irradiated :iustcnitic stainless stecls arc reviewed in order to estimate 
the dispkicement d;un;rge lcvcls needed to achieve the "s~cady s~iitc" coiidition. The 
micnistructural data call hc cciiivcirienlly divided illto two 1emper;iture regimes. I n  tlie low 
tcmper:iturc regime (bclow ahoul 300°C) the microstructure of austenitic shinless steels is 
dominated by "black spot" del'cct clusters ;itid faulted interstitial dislocation loops. The dose 
needed to appnrach saturatiou u f t k  loop illid defect clustcr densities is gcner-ally on the order 
of 1 displ:rccment per atom (dpa) ill this regime. Iir  Uic high teinpcraturc regime (-300 to 
700°C). cavities, precipiutcs, loops i l l  exccss of I O  dpa arc gciicrally required 10 approach a 
"steady state" microstructural cnnditioirs. Due to complex interacllons between Ihe various 
microstructural compoiieiits drat fcrrm duriiig i1wdi:ttiw, 3 .secoridnry trmsicnt regime is 
typically observed io tcmpcraturcs. This slowly evolviog secoiidary uruisicnt may cxtend W 
dxnagc levcls in excess ol SO dpa iii typic:d 300-series .srajnless stccls, and to > I  00 dpa i i i  
radiation-resish111 deve1opment:l s~ccls. Tlre detailed cvoluhil  of ;ury givcii microstructural 
component irt the Iiigh-tcmpcr;;,ture regime is serisiiive to slight variatioils in iiuincrous 
experimental variables, includiog heat-to-heat colnpositin~r ch:ingcs and ticutroo spccuum. 

FRACl'IIIE 'I'OUGIINESS OF l l < l U l ~ l A T l ~ D  CANDIDAlY~ MATEllIALS I;OK ITER 
F'IKST WALLIHLANKE1' STRUCTUWS: PIEL.IMINA1lY IU:SUI.TS -- D. J. Alexander, 
I. E. Pawel. M. I>. Grossbcck. and A. F, Iliiwcliffe (Oak IWge Natioiial Lahoratory) . . .  

Cwdidate materials for 13st  walliblankct structures iii 1 
levels of about3 dpa at ionpcraturcs 01 cithcr 60 o r  250°C. I'rclunioary results have been 
ohtailled i o r  several of Uiesc m:itcrials iradi;rtcd irk 60°C. 'l'hc results show that irradiation at 
this temperature reduces Uie fracture tougliiiess of austenitic sl;iiiiless stccls, but Ihe toughness 
reinailis quite high. The unloading compliance technique developed for the suhsize disk 
compact specimens works quite well, p:rticul;wly for materials with lower toughness. 
Specimens of maicrials with very high touglniess deform excessively. and this results in 
cxperimcnlal difficulties. 

251 

Microstructural dnl;~ OII the evolution ( 1 1  the dislcrcatioll loop, cavity, ru~d precipilate 

6.2.10 

I< have been imdiated to UaInage 
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6.3 REFRACTORY METAL A L L O Y S . ,  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287 

6.3.1 DENSITY CIIANGES INDUCED B Y  NEUI'IION IIIKADIAI'ION IN DYNAMICALLY 
COMPACTED 'I'LJNGSTEN ANI1 I T A  -- F. A, (kmier (Pacilic Nordiwest Lahoratory) and 
J. Megusar (Massacliuseus Institute of Tecliiiology) . , . . . . . .  289 

Dyiwnically coinpacted tuiigs~eii widi a sLuling dcnsily of9S.3% of die tlieoretical 
value densified 2 to 3% wlieii iuadiated iii Fl71'F/M01'A-2A al  Uiree temperalui-es between 
423 and 600°C and displnceinent lcvcls corresponding 10 32 aiid 36 dfpa in slainless steel. 
Rapidly solidilied and dynamic;illy compacted I T A  wilh high levels of titanium a id  carbon 
were also imdialcd at tliesc conditioiis. Ihe density changes were sinall enough to determine 
that significant swelling 1i:id iiot occurred hut,  microscopy is necessary lo determine whether 
void growtli occui~ed iii addition ((1 prccipikitc-rcluited su:lills. 

6.3.2 DENSITY CIIANGES OBSERVED IN Nb-1Zr MTER II<I<ADIATION IN FI'F-MOTA -- 
F. A. Garner (Pacific Northwest Laboratory) . . . . .  . . .  . . .  . 291 

Nh-1Zr 11:~s heeii proposed lor potuiitid applic:iti(iii to ITEl<. Wlicre:~~ previous 
iixidi:itioii studies on Nh- IZr were focused on the annc;ilcd condiliiiii, tliis sludy involved a 
comparative iii-:idi:ition 01 hoth the anne:ilcd illid aged, iiiid die cold-worked uid aged 
condilioiis. Bascd on iiwisureiiients of  density c1i:inge. che cold-workcd aiid aged condition 
appears to fu-st uiida'go a pli:~wrclatcd di1:ition prior to Uie onset of void swelling. while the 
annealed condition dcnsilied prior t o  swclliiig a i d  iii some c:ws docs not swell at all. 

6.3.3 ASSESSMENT OF NIOBIIJM-BASE ALLOYS FOR S'l'I<IICTURAL APPIJCATIONS IN 
T I E  n'EK L>IVEKIOI<--I. M. I'urdy (hugonne Nntionul 1.ahoratory) . . . . 294 

The corrosion and cinhriltleinciit (if pure Nh, Nh-IZr, Nh-SMo-1Zr. and Nb-5V-1.25Zr 
(alloy elements in wt.%) were evaluated in high-purity (HI') dcoxygeiiated water at 300°C for 
up to 120 days. One heat of tlie Nh-SV-I .2S%r ;tlloy ("0" lot) exhihiled both a modest 
corrosion rale and good resiskince lo ernhrinleineiit relative to iillier Nb-base alloys. At 
preseol, Nb-SV-I.25Xr is Uie inost promising Nh-bx\e ;illtiy oii Lhe hasis of holli corrosion and 
einbrittleinenl c1i;lr;icteristics iii I l l '  dcoxygcii;itcd w i w r  :II 300°C. 

6.3.4 MICROSIIIUCTUIUI. EVOLL)1'ION INIXJCED B Y  BORON 'IIIANSMUTATION IN 
NEUTIION-IRIIN)lAlED VANADIUM-BASE N.I.OYS--II. M. Ch 
Laboralory) . . . . . 

Microstructurd evolution associated witli tr;uismutition of 'OB lo helium and lithium 
has heeii characterized lo provide a belter underskindiiig of the boron-doping technique, 
frequently used to sunulale the elfcct of helium genelation under fusion reactor conditions. 
Tnnsmissioii electron microsc~ipy ( 'EM) wiiq used lo cxiiiniiie specimens of V-20Ti alloy 
after irradiation at 600°C lo 44-80 dpa in the Fast Flux Test Facility ( IFF) ,  In the earlier 
stage of irradiation to low fluelice, concentric sliclls of He-darnage and Li-damage zones are 
produced around a V3B2 precipitate o r  a '%-rich cluster. On further imadialion, helium 
atoins diffuse away froin 11ie d;un:ige slicll eitlier to be dissolved in die inatrix or to form 
microcavities, leaving a shell iicli in Li, dcfec~ cluskrs, illid dislocations. Oxygen atoms in 
solid solulioii migrale toward h e  1.i-rich shells, and y-LiVzO5 shells precipitate subsequently. 
In view of this behavior. neither boroii nor Li produced froin tlic transmutation is likely to 
result in a detrimental weakening or grain boundaries. 
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6.3.5 STATUS OF ? H E  DYNhMIC IIELIUM CIIAI1CING EXPERIMENr (DIICE)--H, Tsai. 
H. M. Chung, B. A. Loomis, D. L. Smith (Argonne Natiolml Laboratory), kl. Matsui (Tohoku 
University), M. L. Ilxniltou, L. K. Greeiiwood, and R. Enni (Pacific Northwest Laboratory) . . .  306 

IiTadiation of the sevcii DIlCE c;ipsules was coinpletcd in  Uie Materials Open Test 
Assernhly (MOTA)-2B at Uie eiid of Cycle 120 in Uie Fast Flux 'lest Pacility (FFrn. The 
accrued exposure was 203.1elli'clivc lull-power days (IWDs), vis-a-vis the mget exposure 
of 300 EFPDs. Peak dxnage in Uic sunples w& -29 displaccinent pcr aloin (dpa). All seven 
capsules have been dischdgcd froin Uie lT711~ and arc being shipped 10 Argonr~e National 
Laboratory (ANL). where Uic smnples will be rcuievcd lroin Uie c;~psules a ld  distributed to 
the experimenters. including Moiihusho of Japmi, for exrunination and testing. A subsmtial 
effort is underway at ANL to rcuicve Uie sanplcs lrom Uie higlrly tritiated capsules. 

6.3.6 THERMAL CWEP BEI~IAVIOI101; V-5CK-5T1 A N I  V-IOCK-STI ALLOYS -- 
11. M. Chung, B. A. Looinis, I.. J .  Nowicki, and I). L. Sin i l h  (hrgooiie Natioiral Laboratory) . . .  3C9 

The tIicnn:d creep rates :uid s -rupture life of V-X:r-Sri ;uid V-1OCr-STi alloys were 
determined at 600°C and tlic impurity ciiinpiisi~io~~ iiiid inicrmuuctural chul'nctciistics of 
creep-tested specimens were ;rrialyzcd :uid c i i i~elatcd will1 Uic incasurcd creep properties. The 
results of Ihcse tes~s show l1i;it V-SCr-Sl'i. wliich coiiliiiiis unpuiily corn jws i t iws  typical of a 
cominercial vnn:idiun-hac alloy, exhihits creep steiiglh iuhst;uili:lly supcrior to Uiat 0 1  V- 
ZUI'i, IIT-9, or l 'ype  316 hl:uiilc.<< SICCI .  'l'lic V-lO('r-5'l'i d l o y  exhihit5 crecp slreligth 
soinewliiil higher thaii 111;i1 0 1  V-X'r-S'I'i.  

6.3.7 DUCI ' IL~-BIIITI ' l ,~  1'RANSII'ION ' l ' ~ ~ l l ~ l ~ l ~ A l ' ~ l l ~ l ~ S  
VANADIUM ALI.0YS. BASED ON CllAlll'Y-lMIJA~ 
L. J .  Nowicki, J .  Glvd:~. and D. I,. Smith (Argoiinc Nxtioml I.ahoi:itory) . . . . . . . . . . . . . . . . . . .  318 

lN(i--B. A. Looinis, 

Ductile-hriltlc uansitioii tcinper:ilurci (IIB'I~Is) wcrc detennincd hy Charpy-unpact 
tests for dchydrogeii:ilcd and hydrogeiixlcd V - X i ,  V-SCr-3'1'i. a i d  V-SCr-Sl'i alloys. 'lhcse 
DBIT dab1 coinplcmenl UIC d:it;i previi)usly ohuiiilcd hy I.(Kiniir et al. on Ch:upy-unp:ict 
testing of unalloycd V, V-ITi, V-3'l'-lSi, V-S'li, V-lo ' l ' i ,  V-IXli, V-4Cr-41'i, V-XCr-bTi. V- 
9Cr-SI'i. V-l0Cr-9'l'i, V-14Cr-Sfi. V-15Cr-S'I'i. V-7Cr-l5'1'i, ;uld Vanslar-7 ;~lloys. 'l'he 
results show Uiat V ~illoys wiUi 'l'i :idditioirs (0-18 wt.'h) I ~ v e  :I nli i i i lnunl  DB'I-1' (--250"C) iri 
an alloy containing 3-S WI.% 'l'i, 111:it ;idditioii ( i fd  10 15 wt.% Cr to V-(4-6)'l' ;illay ICSUIU in 
a suhsuilial increase (25-215Y') 0 1  Uic DB'II', and that 0.5 :i~id 1.0 wt.% Si :iddilioos to V- 
3Ti :illoy re,\uII i i i  a sigiiilicml i i icrcw (-100°C) in DB'I'l. 111 xlditioii, llie rcsults show that 
Uic presence of 4(X)-I200 ;ippni I I  iii uii:ill~iyed V aiid V - t u w  alloys causes a signilicant 
increase (400  ppin 0, =200 ppin ( ~ ,  ;uid =000 ppm Si lor urc ;LY structural Inaterkll in a fusion 
reacLor. 

6.4 COI'I'EH ALLOYS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6.4.1 STAIIIS 01: 1~AlIGLJE S'1'lJl)IliS ON ll<l<All lAll<D C~Pl'f3< AILOYS -- F. A.  Garner and 
M. L. Ihniltoii (kicilic NorUiwc\l l.ahor:ilory), I .  1:. Stuhhins a ~ ~ d  A. Siiig1i:il (Uoivcrrity of  
Illiiiois), a i d  B.  N. Siiigh (I1isir N:itioo;ll I.:ihoralory) . . 329 

IiTadiatioii c~~iil inuc.~ i i i  die EBI<-lI iiiid Ill<-3 r ~ ~ e t ~ s  of pure copper a id  GlidCop 
CuA125 in die lorin 01 suhsire Iciisilc kitigue specuncns. l'lic list p1i:lsc 01 the EBR-11 
iiradiation sequence liar hecii cwiiplwd. A size cllccts cxperiineiit conducted on uninadiated 
CuA12.5 Citigue specimens is ne~ui i ig coniplctii,n. l k r l y  resulb 011 the fatigue hclxlvior of 
suhsize spcciinens u e  pi iitcd iii this report. 
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6.4.2 The Response of Dispersion-Su'engUieiied Copper Alloys to High Fluence Neutron Irradiation 
at41S"C -- D. J. Edwards, J.  W. Newkirk (Univ. of MO-Rolla), F. A. Garner, M. L.  1-1,amilton 
(Pacific Norlhwest Laboralmy), A. N'idkxni, aid P. Sann1 (SCM Mekl I'roducts) . . . . . . . . . . .  331 

Various oxidc-dispersion-sueiigtlicd copper alloys have been inadkited to 150 dpa at 
415°C in the Fast Flux Test I;acility (ITI'F). The Al~O~-strenglhcned GlideCopTM alloys, 
followed closely by a IIfO~-strcnghcned alloy, displayed the best swelling re 
electrical conductivity, and tensile proper~ics. The conductivily of the I~IfO~-strengthened 
alloy reached a pLaEau at die higher lcvels of iiradiacion, instead of cxhibiling the ste:idy 
decrease in conductivity observed i n  Uie ollier alloys. A high initid oxygeii content resulted 
in significantly higher swelling lnr a series of caslable oxidc-dispursion-sueii~Uieiied alloys, 
while a Cr203-strenglhened alloy sh(iwed poor resislilncc to r;idi:ilion. 

6.4.3 NfWTRON-INDUCED SWELLING UBSERVFD IN COPPER AI.I.OYS IRRADIATED IN 
MOTA'S 2.4 AND 20 -- I;. A. Gamer (I'irilic Noi-thwesl Labor:i~ory), 11. J. Edwards 
(llnivcrsity o( Miss~iu~-l<olla), B. N. Siiigh (Rise N:ition;d l , ~ ~ l x i ~ ~ ~ o r y ) ,  and 11. Wakinahe 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  (Kyushu Universily) . 34s 

Density measureinelits have keii coinpleted on copper alloys iivadiated in MOTA 2A 
and MOTA 20 at (375°C. 12.7 dpa wid 21.2 dpa) and (423°C 48.0 and 95.4 dpa). While 
most of the density changes ohserved are consislcnt wid1 those of earlier studies, Ihere were 
several suiprises. Addition of S%, Ni appears to accelerate the swelling rate initially at 423°C. 
but deprcsses swelling at 375°C. ?'lie suppressing action of cold work on swclling of Cu-5Ni 
is relatively small, and Cu-SMn resists swelling very stroiigly i n  hod1 llie annealed and cold- 
worked conditions. 

6.4.4 IRRADIATION OF COI'I'ER AI.LOYS IN ?'I IE SM-3 KEACI'OR--S. J.  Zinkle (Oak Ridge 
National L;ibor:itnry). 1:. A. Ru.iicr (PNL), V. I<. B;uab;ish (D.V. Elremov), S. A. Fahritsiev 
(D. V. Efrcintrv) a~id A. S. I'okrovsky (SRIAR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  347 

A tolal of 74 allays of v;uyiiig c(iinpnsitioii iuid tIie~-~noinech:inic;ll condition have 
been prepared fnr a joint IJS-Russia iindialion expel-iinent in llic SM-3 reactor in 
Dimitrovgrad, Russia. The :illoys will bc inadiatud in l l ic  fonn of'lXM disks and sheet 
tensile specimens at tcinperatures of about 120, 250, and 340°C lor oiie 45-day cycle in the 
core and Cllruinel 2 irradiatioii positions. This will prduce drunage lcvcls of about 7 and 
1 dpa, respectively. Cadmium shielding will he used in the Chnnel  2 position to shield the 
thennal neutrons and thereby reduce Uie illnount 0 1  solid uansmuwtion products in copper. 

6.4.5 EFFECT OF ION IRRADIATION ON THE STRUC?'URAL STABILITY OF 
DISI'~RSION-STRENGTIIENED COPPER ALLOYS -- S. J .  Zinkle (Oak Ridge National 
Laboratory), E. V. Nesterova, and V. V. Rybin (Cenu-a1 I<csc;u-ch Instilute for S~uc tu ra l  
Materials). and V. I<. Barahash wid A. V. Nabercihv (I) .  V. Efrcmov Scicntilic Research 
Institute of Elcctrophysical Apparatus) 352 

Transmission electron microscopy was used to compare the microstructure and particle 
distributions of two coininercial oxide dispersion-strengUieiied copper alloys, GlidCop A125 
and MAGT 0.2. Measurements were made on specimens in their as-wrought condition, after 
thermal annealing for 1 h a t  900°C and after 3 MeV Ar+ ion irradiation at 180 and 350°C to 
damage levels of 20 to 30 displaceinelits per atom (DPA). All of the annealed and ion- 
irradiated specimens were found to be resistant to recryst;illization. In addition, void 
formation was not observed in any of the irradiated specimens. The GlidCop oxide particle 
geometry was transfonned froin triangular plalelets to circuliu disks by the ion irradiation. 
The MAGT parlicle geoineuy consisted 0 1  circular disks a id  spheres before and after 
inadiation. The oxide palilicle edge IengUi in1 he unimdiatcd GlidCop alloy was a b u t  
10 nm, whereas the meaii particle dixneler in bnih Lhc MAGT and GlidCop alloys was about 
6 nm. 
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6.4.2 The Response of Dispersion-Suei~gicned Copper Alloys to High bluence Neutron Irradiation 
at 415°C -- D. J. Edwards, J.  W. Newkkk (Univ. of MO-Rolla). F. A. Ganier. M. L. Hamilton 
(Pacific Northwest Laboratory), A. Nadklulli, acid 1'. S a n d  (SCM Melal Products). . . . . . . . . . .  331 

Various oxide-dispersion-strciig~icti~d copper alloys have been bradiated to 150 dpa at 
415°C in the Fast Flux Test Facility ( F F F ) .  The A1~O~-strengthened GlideCopTM alloys, 
followed closely by a tIfO2-strcngtheited alloy, displayed the best swelling resistance, 
elecuical conductivity, and tensile propcrties. The conductivity of Uie lIfO2-strengChcned 
alloy reached a plateau at thc higher levels of irradiation, instcad of exhihiling Uie steady 
decrease in  conductivity observed i n  the o U w  ;Illoys. A high initial oxygen content resulted 
in significariUy liigller swellittg for a serics of caslablc oxide-disp~rsioii-surnglhened alloys. 
while a Cr~O~-surngUiencd alloy showed poor resisnance to radiation. 

6.4.3 NEUTRON-INDIJCED SWELI.ING OBS1:KVI:D IN COPPER ALLOYS IKRADIATED IN 
MOTA'S 2A AND 28 -- F. A. G;u-iier (1':lcilic Northwest I.abor:~tory), D. I. Edwards 
(University of Missouri-Rolla). B .  N. Sir~glr (RiW Naliwid L:ibot-:itory), and M. Watanahe 

. . 345 . .  (Kyushu University) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dciisity meauremenls 11;ive heen completed on copper :Illoys iiradiatcd in MOTA 2A 
and MOTA 2 0  at (375"C, 12.7 dp:i :uid 21.2 dpa) :uid (423°C. 48.0 acid 95.4 dpa). While 
most of Uie density changes uhsei-vcd XIK! cortsistettt with LIiosc ofca r l i~ r  studies, lhcre were 
several surprises. Addition (11 5% Ni :~ppc:u-s 10 acccIc~:~tc llic swelling r : w  ioili:~lly at 423°C. 
but depresses bwclliiig at 375°C'. 'l'lie supprcssit~g :ictioli ~ I c o l d  work 011 swclliilg of Cu-SNi 
is relatively small. :ind C'u-SMii rcsists swcllitig very suongly in holh Ihe annealed atid cold- 
worked condilions. 

6.4.4 IKRADIAI'ION OF COPPER AI.LOYS IN'IIHE SM-3 KEACI'OI1--S. J .  Zinklc (Oak Ridge 
National Lahor:tlory). 1:. A. G;trner (PNI,), V. I<. B;ir;ihash (D.V. Efretnov), S. A. Fabritsiev 
(D. V. Efrcmov) a id  A. S .  I'okrwsky (SIIIAII) . . . . . . . . . . . . . . . . . . . . . . . .  . , 347 

A total of74 alloys of varyitig coiinpositiiin :uid tlie~iniirnecha~~ical condition havc 
been prcpnrcd for a joint ITS-Russia iixidiatiou cxpcriineiit i n  Uic SM-3 reactor in  
Dimilrovgrad. Russi:~. Tl ic  ~ t l k i y s  wi l l  he irr:idiated iii Uic fiinn of TllM disks and sheet 
tensile specimens zit temperalures of :iboul 120, 250, and 340°C for one 45-day cycle i n  the 
core and Cha~rnel 2 iiTadia1ioti pusilicins. 'l'llis will pn~Uducc &un:~ge leve ls  of :ibout 7 md 
1 dpa, respectively. Cadmium sl~icldii~g will he used it] UIC (~h:ii~ncI 2 position to shield Uic 
thermal neutrons and thereby rcducc the :unoutit 01 xilid ~r;u~sniut;~tioii products i n  copper. 

6.43 EFFECT OF ION 1RKN)IAIION ON 'IIIE S'IR~JCI 'UIUI,  SIABII,ITY OI: 
DISPERSION-STIU:NGII Il:Nlil) COI'I'ER ALLOYS -- 
Laboratoty), E. V. Ncslcr<i\,:~, :utd V. V. Ityhill (Cciilr:il It 
Materials), a i d  V. I<. B;il',ih;&h wid A. V. N:ihcretlkov (I ) .  

Zinklc (Oak Ridge National 
.ClI Institutc for structur~ll 
ilreniov Scicntilic Rcsearch 

Institute of Electrophysical App:u-;~tus) . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  352 

Transmission elccutin microsxpy was used to coinp;uc I l ie  tnicrustructure and parliclc 
distrihulioiis of two coinlnercial oxide dispcrsi(ill-su-etlgll~c~i~d coppcr alloys. GlidCop A125 
acid MAGT 0.2. Me;Lwretnents were in:~dc on speciincns in their as-wr(iught condition, after 
thennal ru~ocaliiig for 1 11 at 900°C. and :Iller 3 MeV Ar+ ion it-radiation at 1x0 acid 350°C to 
dnm;ige levels of 20 lo 30 displ;scmcirts pcr :itoin (IIPA). All of IJie :micaled auld ion- 
irradiated specimens were louiid to hc resist:uit to reerybtillimtion. In additkin, void 
fonnation WLS not observed in any of UIC irradiated specunciis. The GlidCop oxide particle 
geometry was (nuisfonned from tri;uigular platcle~s to circular d ida  by Uic ion irradiation. 
The MAGT particle gcoinetry consislcd of circular disks a id  spheres hcfore and after 
irndiation. 'The oxide pluticle edge lenglh i n t  he uoit-t;idi:Wd GlidCop alloy was about 10 



xvii 

6.5 ENVIUONMIINTAL EFlXCTS LN STKUCTUKAL MATEKIALS . . . . , . . . . , . . . . . . , , , 
6.5.1 MASS TRANSFER IN I.ITIIIUM/SI'AINLESS S1XIL TEST LOOP--P. R. Lucbbers and 

0. K. Chopra (Argonne Nalioii:ll Laborakiry) 

363 

365 

The plugged pipe removed from the cold-trap purification loop of the forced- 
circulation IiUiiuin system was exaniiied to study mass uansfcr/deposition khavior and to 
establish the cause of plugging. Several intermetallic compounds were identified in residue 
collected from the plugged cold-mp pipe. Pluggiiig was caused by deposition of 
cillciuilzinc/ilickel crystals iii the pipe sections withill Uie pump coil and flow-meter magnet. 
Addition of calcium as a getter to reduce the conccnuation of nitrogen in h e  lidiium leads to 
formation of (CgZn)Ni5 c~ystals :uid subsequent pluggiiig of Uie cold-trap loop. Deposirs of 
mangancse/uon/nickel globules and in:iiigruiese/ziiic/ilickel dcildritcs, ils well as LiyCrNg and 
possibly Ca3N2, were also identilicd in Llic residue. These phases may have rcduced flow 
through the cold-trap locrp hut wcre not ahuii&nit ciiough to plug the loop. The results 
indicate that Uic use ofa dissolved getter, such as calcium, to reduce nitrogen coiitcnt in an 
austenitic stainless steel loop may 1101 he cll'cctive. Elcineiits iii the lilhiun from structural 
alloys (e&, due to corrosion) aiid Uiosc :idded (c.g., calcium) to reduce the concentration of 
noiimeuillic impurities (e.g.. n i ~ ~ i g c i i )  play i u ~  unporkuit role ill Uic in:u;s transfer/deposition 
behavior in circulating litliium systems. 

6.5.2 COMPATIBILI?'Y OF CANDIDAI'E S'l'I<UCTIJIDU. MAI'ERIALS WI'I'I~I STATIC 
GALLIUM--P. I< Luebbers. W. 1'. Micliaud, and 0. K. Cliopi-a (Argomic National Laboratory) . . 370 

Scoping tests wei-e conducted on c~~inpiilihility of gallium with caidickite structural 
materials. e.g., Type 316 SS, Iiicoiiel 625, aid Nb-5 Mo-l Zr alloy, as well as Annco iron, 
Nickel 270, and pure cllromiuin. Type 316 sutinless steel is le!ist resisuuit and Nh-5 Mo-l Zr 
alloy is most resistant to corrosion iii s ~ i t i c  g;lllium. At 400"C, coiTosioii rates an -4.0.0.5, 
and 0.03 mm/y for Type 316 SS, Inconel 625, and Nb-5 Mo-l Zr alloy, respectively. The 
pure metals react rapidly wilh g:llium. 111 ~ O I I I ~ Z I S I  to tiiidings in exlicr studies, pure iron 
shows greater corrosioii Uian does nickel. 'llie corrosion rates i l l  400°C we 290 and 17 d y ,  
respectively. for h c o  iron and Nickel 270. The results indicate Uiat at temperatures up to 
400°C. corrosion occurs primarily by dissolution accompanied by formation of memWgallium 
intermetallic compounds. 

6.5.3 AQUEOLJS Sl'RESS CORROSION 01: CANDIDATE AUSTENITIC STEELS FOR ITER 
STRUCTURAL AI'PLICAI'IONS--W. K. Soppct. D. M. I;I.~II~~, and 'l'. 1;. Kassner (Argonne 
Nationd Laboratory) . .  _ _ . . . . _ . . . . _ _ . . .  380 

Susceptibility of crevice-weldincnt spccirneiis olTypes 316L and 316NG shinless 
steel ( S S )  to SCC wa.. investigated iii slow-strain-rate-teiisile (SSRT) tests in watcr that 
simulates important parameters anticipated in lirst-walt/hlanket systems. The SSRT tests 
were performed in oxygeiiated water conuining 0.06-10 pprn chloride at temperatures of 95 to 
225°C to estahlish Ihe effects of water purity mid temperature on SCC resist'mce. These 
steels, including weldments, exhihit good resistaice to SCC under crevice conditions at 
temperatures of <150"C in water conlaining 50.1 ppin cliloiide. I t  appears that Type 316NG 
S S  is somewhat more resistant to SCC than Type 3161, SS at temperatures > I W C  in 
oxygenated water containing 0.1 -10 ppin chloride. Most sFciinens fuctured in the base 
meda l ,  and several otlicrs fractured in the heat-;iffccted zoiie (IIA7J of the weld, but non failed 
in the weld metal. 
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6.5.4 FOKMATION OF ELECIRICAI.LY INSULAI'ING COATINCiS ON AI.LJMINII)ED 
VANADIUM-BASE ALLOYS IN LIyUlU LI'1'IIIUh1--l.-H. l'xk and G. Dragcl (Argonne 

. . . . .  389 National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Aluminide coatings were produced on vanadium and v;uladiul 
exposure of the materials to liquid litliium h a t  conlait~cd 3-5 at.%> di 
sealed capsules at temperatures betweell775 and 880°C. Reaction o 
dissolved nitrogen in liquid lithium provides a means of drvelopillg a11 in-situ electrical 
insulator coating on Uie surface of Uie alloys. The electrical resistivity of AIN coatings on 
alumiiiided V and V-20 wt.% Ti wils deteimined in-situ. 

6.5.5 CORROSION r A r i c m  01: CANDIDAIE AIJSIENITIC 

Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  305 
STRUCTURN. AI'FLICAI'IONS--W. E. Rudier atid 1'. F, Kasstror (Argonne National 

Crack-growUi-rate (CGII) tests were performed 011 l-in.-tl~ick ( I T )  compact-talsion 
(CT) specimens of Types 316NCi and 3161. srainlcss alecl (SS) in oxygenatcd water 
conraining 0-5 ppin C1- at 150, 185, and 225°C. 'l'hc results ohtailled uodcr cyclic loadiltg 
conditions at stress intcnsi~y lactors of =27 to 39 MPa-m"* iitdicatc that environmenlal 
enhancement of Uic rates increases wiUi C1- concentrations >0.1 ppm at 150°C in coinparison 
wiih calculated rates in zir uildcr [lie speciiic 1o;iding conditions. lo cunu-at, at the higher 
1emFraturcs Uic CGRs were IIUI i i l lectcd h y  C I ~  i n  oxygcnaled w.iti'r hu t  were grealcr Lh:ur 
Uic predicted rates i n  air by oiic wdcr u l  ni:igtiiludc. 

6.5.6 DEVELOPMENT 01' AI.~JMINIDli COA'I'INGS ON VANADILJM-BASE ALLOYS IN 
LIQUID Ll'~I-lILJM--J.-I I .  1';uk :ind G ,  Dr;igel (Argunllc Natiu~i;d Lahurxtoi-y) . . . . . . . . . . . . . . .  405 

Aluminidc coating5 were produced on vamdiuin slid v;ur;idiuln-h;lsc alloys by 
exposure uf Ule materials to liquid Iilhiurn hat  uor~laincd 3-5 :it.% dissolved aluminum in  
sealed V and V-20 wt.% 1 1  c;ipsulcs at tcrnpcr:iturcs hclweeii 775 atid 880°C. M e r  each test, 
the capsules werc upcried a id  llic s;unplcs were ex;unincd by upticd microscopy and scanning 
electron microscopy (SEM), an an:llyzed by elcclroli-encrgy-dispersive specu-oscopy ( D S )  
and X-ray diffraction. I~lardftes ul the ctctting 1:iycrs and hulk alluys was dclennined by 
microindenlation tcchiiiqucs. 1 e iinture u l  llic coatiiigs. i.e., surl:icc coverage, Lhickness, iuid 
composition, varied with q ~ c w u r e  lime and Icrnpct-alurc, solute cu~icenh-alion in  litllium, and 
alloy composition. Solute cleinen~s Ui;rt yicldcd ;idherelit cwtiugs on various substrates can 
provide a mems or developing ill-situ clcco-ical illsulator co:itiugs by rexlion of Uie reactive 
layers wilh dissolved nilrugell iii liquid lithium. 

7.0 SOLID BREI<DING hIA'lI<I~I.4l.S AND 1IICRYI.LIUM . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  411 

No coiitii hu ti oils 

8.0 CERAMICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  413 

8.1 CERAMICS KADIAIION E1;IXCI'S ISSLJBS I'OR I'l'IiR - -  S .  1. Ziikle (0:k Ridge National 
Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  415 

The key radiation cllcct~ i c s m  a~suci;~[cd wid] b e  iucccs~lu l  uperation of ceramic 
mattrials in components of the pl:iniicd Iiiterii;itioilal '1'hcrinailucle;lr Expcriniental Rcactor 
(I'IER) are discussed. Radiatiurl-induced d u n e  cliar~ges and drgm&ition 01. Uie mechanical 
properties should not hc a serious issue fur die lluetices plaiilred lur ITER. On the other hand. 
radiation-induced eleclricnl degr:~dutiix~ eflects rnny severely limit ;Illowable the exposure of 
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8.2 

8.3 

8.4 

8.5 

ceramic insulators. Degradation of Uie loss tangent and thennal conductivity may also restrict 
the location of some components sucli as ICR1-I fecdUu-ough insulators to positions far away 
from Uie fust wall. In-situ mc%urcincnts suggest Uiat h e  degradaiion of physical propenies 
in ceramics during u-radialion is grextcr than Uiat measured iii postirradiation tests. Additional 
in-situ data during ncuUun irradinliun are iicedcd before engineering designs for I 'ER can he 
finalized. 

EFFECT OF IRI<ADIATION SPECTIlIIM ON T I E  MlCllOSTRLJCTlJRAL EVOLU'ITON 
1N OXlDE CERAMICS .. S.J. Ziiilile (Oak Itidye NitioiialI.aboralut-y) . . . . . . . . . . . . . . . . . . . .  426 

Cross section uansmission cleclron microscopy was utilized to examine Ute ndiation- 
induced microstruchml chatigcs iit oxide cczunics after in-adintion wiUi a wide variety of ion 
h e m s .  The microslruclurc showed a strong dcpendence on ion tmss atid energy. The 
microstructural results have hceii coirck~tcd will1 Uie calculated dcplh-dependent partitioning 
helween ionization and displaccineni kunnge. This con-elaiiuti itidiutes that defect clusters 
do not loim in MgAl204 i f  tlie ratio o T  encrgy deposiwd itito elcc~rcinic ionization to awmic 
displaceincnls is grcalcr (h:in ahm 10. The coircsponding ratio needed to suppress defect 
cluster fonnation in MgO :uid A I 2 Q  is 500 Iu 1000. Additiuxil inicrosbuctural evidence 
obtained uti Uie ion itxidialed cer:unic specimens suggests Uiat UIC physical mechanis~n 
responsihle for the lack of dclecl clustcrs in highly ionizing radiation cnvironinents is 
associated wiUi ionizalion-enhattccd difl'usion (ED), which promotes annihilation of ihe point 
defects created by displacemenl clanage during Ute irradialion. The most imporwit paramecer 
for I D  is the ratio of ionizing to displacive radiation, since Uiis is roughly proponional to Ute 
amount of ionization per dpa. Ilowever, Uie ahsolule magnitude of~Ite ionizing radiation flux 
is also unpomnt. 

ELECTRICAL CONDUCI'IVII'Y OF CERAMIC INSULATOIIS DUIlING EXTENDED 
ION IRl<hDIATION WITH AN APPl~.lED El~ECl'l<lC I'IELD--S. J.  Zinkle (Oak Ridge 
National Lahoratory) :itid W. Kesrcritich (l~orscliungszeiilln Juelich) . . . . . . . . . . . . . . . . . . . . .  437 

The initial rcsulls are prescirlcd fruin il cyclolroti ioii ii-radialion program investigating 
radialion-induced conductivity (RIG) atid i-andi;itioit-induced elecb-ical degradatioii (RIED) of 
ceramic insulators. l'olycryslallinc specimens ol'A1203, MgA1204, A I N  and Si3N4 were 
irradiated wiUt eilher 28 MeV I&++ o r  20 MeV lH+ ions at temperatures heiween 150 and 
600°C with an applied dc elcclric field of 100 to 500 V/nun. A large prompt increase in the 
electrical coilductivity was observed in all of lhe specimens during urxJialiun. Howcver. 
there was no evidence for pcrmancnt rlccvicill degradation it1 any 0 1  Uie specimens for 
clamage levels up to about 5 x 

IRRADIATION OF MgAI204 SPINEL IN I T F - M O T A  -- F. A. Garner and 
G. W. Hollenberg (Pacific NurUiwest Lzihuraloiy), C. A. Black atid I<. C. Bradt (Uoiversiry of 

displacemenis per alum. 

Nevada-Reno) . . . . . . . . . . . . . . . . . . .  , 4 4 7  

MgA1204 spinel specimens uradiatrd in IFI'I'-MOTA at temperatures between 385 
and 750°C to flueiices ratiging from 2.2 Lo 24.0 x loz2 n cm2 @0.1 MeV) cLuken 
significantly, hut do not develop any loss in weight or change in dimensions. Measuremen& 
of Knoop hardness and its dependence on crystalline orientation, neutron fluence and 
irradiation temprature are in piogress. Measurements of elastic properties are also nearing 
completion. 

HIGH-TEMPERATURE PROPERTIES OF SiC/SiC FOR FUSION APPLICATIONS -- 
R. H. Jones and C. H. I-lenager, Jr. (P:icilic Northwest Laboratory) 451 

Si/SiC composites exliihil novel inechaiiical properties relative to their monolithic 
counterparts. The et-ack velocity (dddt) versus stress iniensily (K) relationship for monolithic 
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ceramics can he described by a simple power law relationship whcre SiC/SiC was found to 
exhihit a multi-stage da-dt vel-sus K relationship similar to that for sh-ess corrosion of metals. 
A K independent slage II w& followed by a slrongly K dependent slale 111, which paralleled 
the monolithic behavior. Expcrilnclits to determine the Ihreslruld K or stage 1 were not 
conducted; however, it is expected Lhat Uiey exist for these matcrials. l he rc  is also evidence 
that the fracture resistance of these materials is greater if cracks are produced by subcritical 
growih processes relative to machined notches. Oxygen was found to increase dddt and 
decrease ihe K for the stage I1 tu alage I l l  Iraiisition while cyclic loads prcrduced litlle damage 
at low K values hut Uiere was suine evidence for increasing darnage with increasing number 
of cycles and K. 

MEASUREMENT OF DC ELI~c1'I<ICAL CONIXJCrIVI'LY 01' ALUMINA DURING 
SPALLATION-NEUTRON IRRN)IAIION --E. I I .  Fununr, F. W. Clinard, Jr., 
J. C. Kennedy, 111. W. I:. Sorruncr. aid M. D. Darmneyer (Los Ahnos  National Laboratory) . . . 457 

8.6 

An imdialioii experunent WAS cxi-ied o u t  during the suniner of I992 at the 
Los Alamos Spallatio~i lhliatiul1 Effects I:aicilily (LAS1U:F). In silu ineasurements of 
clectric:d coiiductivity i n  aluiniiia, s;ippliire, and mineral-ilisulated elccuical cables were made 
at MOT, 590°C, and 400°C. DoUi DC a id  AC (IO0 I lz  to I MIIz) ineasureinents were made 
to a fluence of approxunalely 3 x IOz3 ii/in2, 0ptic;ll abstirptio~i from 300 Iun to ROO nm was 
measured in pure silica- and OII-doped silica-cure optical libers duirig llle iindiatiun. A 
I z g e  nurnher o f  pilssivc siunpleh were iricluded i l l  llic irrxli:ttiwl, S O I ~ C  at die furnace 
temperatures and some at iuiihiclit ~~'nipcraiure. 'Ihis repurt 
the DC conductivity measumineuts. l'lie AC meii$urcmeiits ; 
report. 

iihes prelii1iin:uy analysis of 
uiiilyzed in die compaiiion 

8.7 MEASUKEMENI' 01: AC I~LEC'I'ltICXL CONDUCI'IVII'Y 01: SINGLE CRYSTAL AI203 
DIJKING SPALLATION-NE~JI'RON IRI<AI~IA'IION -- I. C. Kerlrledy, 111. E I I .  Fwiiuin, 
W. I;. Sommcr, and 1:. W. Clii~ard, lr .  (Lus Alanos National Latxrratory) . . . . . . . . . 465 

Sanplcs of single crystal A1203, coininonly kiiowil ;IS sirpphire, and polycrystalline 
A1203 were iwadiated with spallation neuuoiis at Uic Los Aldnos Spallation Radiation Effects 
Facility (IASIZEF) under vitiicrus teinperiiturc conditions and wid1 a continuously applied 
alternating cleclric field. 'l'his p:ipcr describe5 l l ic rcsulls ol niei&urenie!iLs on the sapphire 
samples. Neutron lluencc tuid t lux v;llues :ue estirna~ed v;ducs peiiding recovery and analysis 
of dosiineuy packages. 'Ihe conduciivity iiicreawd :ipproxunatcly wiUi tlle square root of the 
neutron nux at ilucnces lcss tii:iii 3 x IO") nim2 at  [luxes ~ c s s  diaii I x 10'6 nIin2-scc. 
Conduciivity ioiti;iliy decre;iscd ai low ~ luc i i ces  wit11 minimums nc:u nuelices of 1 x 102' 
n/m2. Incutxition periods with a g ' a d u ; ~ ~  iocreioe i l l  coiiductivity preceded UIC omset of an 
accelerated increase in conductivity heginiiiilg at llucnccs as luw a s  IOz1 n/in2. 'The incre;isc 
in conductivity reached saturatiwi I U V ~ I S  iis iiigll ~ L Y  2 x 10.2 (o~iiii-in)-' at llucnces as low as 
2 x 1022 n/m2. 1:requcncy swcpt iiiipcd:ulcc I ~ ~ ; L I ~ I C I ~ ~ I I I ~  inilicatcd ii chllnge iii tile 
electrical properlies lrom c;ipaciti\,e to resihtivc hchavior with increasing Ilucnce. 

8.8 IRRADIATION 1 CIS IN CEltAMICS: 'I'ItANSl'lION FROM LOW 'IO HIGH DOSE 
BEHAVIOR -- F. W. Clinard, Jr. ,  :urd 1:. 11. F;unum (Los Alarnos Naliona1 Laboratory) . . 475 

Ceramics suhjccted t o  ilxidiatian shuw a wide variety uf$amage responses. depending 
on coinposition, nature of bollding, crysiiil sh-ucture. impurity levels, staling microslructure, 
number of phases, and lype of hoinhuding pauticlc. As doses reach high levels (a coiiditioo 
ihat varies in mqniiude from one inaterial 1 0  awlher)  major changes in physical properties 
can occur, and atomic rurangemcnu; niay even change from crysulline to disordered. 
However. scrme ceramics show marked rcsisulice to dunage, kind some properties [nay 
improve. More work is needed 1 0  ful ly uiiderstand Lhese pliciionieiia. hul it  is currenlly 
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possible in many cases to predict :it least qu:iliUtivcly both ~nicrostructwal d:mage response 
and observed property changes. 

THE WI-TCT OF IlhUIATION INDUCED l<LECl'lllCAl~ CONDIlC1'IVITY (RIC) ON 
TIlE TIIERMAL CONDUCI'IVI'I'Y 01 'SAlWl l l tE  Al' 77K -- 11. 1'. White (Oak IWge 
National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  480 

8.9 

Microwave heating of plasma ill fusion reaciors requires Uie development of 
microwave windows Ilirougli which die microwaves can pass wiUiout great losses. nie 
degradation of h e  ibennal conductivity uf alumina i n  a radiation environment is an iinporlani 
consideration in reliability studies 01. Uiesc microwave windows. Several recent papers have 
addressed this question at higher tetnpcratures and at low temperatures. The current paper 
extends the low temperature calculati~iiis to detcnnine the eflect of phonon-electron scattering 
on Uie thermal conductivity ai 77 K due to IUC. 'l'hese low leinpcrature calculations are of 
inrerest because Uie successful applicatioil ofliigh power (>I  MW) windows for electron 
cyclotron lieating systems i n  lusiwi rciictors will niost likely rcquirc cryogenic cooling to take 
advancige of UIC low loss ~:ingent and liiglicr Ihcnn:d c ~ i ~ d ~ c t i v i t y  ofc:uidid;ite window 
materials at Uiese tcinperatures. 

SURFACE PIU3'AIIA'I'ION l:l~l~l<Cl'S IN NEAR SURFACE MODLJL1JS 
MEASUREMENI' FOR CVD Sic -- M. Oshoruc (Ilcnssekicr I'<rlytcchnic Institute). 
L. L. h e a d  (O& llidgc N i ~ i o n ; i l  L;ihol.:itory), :ind D. Slcincr (Ilciisscl:sr Polytechnic 
Institute) . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  484 

8.10 

Surface preparatioii Ius an (rbsc~-v:~hlc cliect on the data oht:~ined C I - C I I ~  die 
Nmoindcnter for shallow (20 i m )  indents 011 CVD S i c  wheii polihcd with Sytonl'', This 
observed effect is signilicanUy less fbr 112 inicron dinnond polishcd CVD Sic aiid for deep 
(160 nm) indents. These errccts were inanifcsted by tlic rcliitive vlu.i:itions in the expel-irnental 
inodulus and hardness data. An :inalytic:d :inaIysis 01 the :iiiticip;wd vx ia l i o i i  i n  Uie modulus 
and hardness is pcrforincd and shown to correlate well wid1 UIC observed trcnds. The 
observed vauialions appear IO he Uic result (if S i c  ixiteri:d pmpcrlics, ~ U I  well a% surlace 
preparation, since Uie predicted nui:ilioiis cue inucli siniillcr dian Uie ohserved vxiations. 

MICROMECMANICS OF FIDEI< 1YJI.L-OLIT AND CRACK BI<IIIGING IN SCS-6 SiC- 
CVD S ic  COMPOSITE SYS'lllM Al ' l l l~il l-~I 'EMl'El~AI'~JllE -- A. El-Azah aid 
N. M. Ghoniem (University of C:diIoi-ni:i, Los Angclcs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8.11 

495 

A micro mechanical model is developed to study tiher pull-out and crack bridging in 
fiber reinforced Sic-Sic coinpositcs wiUi utne dependent Uiennal creep. By analyzing ibe 
creep data for monolilhic CVD S i c  (matrix) and die SCS-6 Sic fibers i n  die temperature 
range 900-125OoC, i t  is found lli:il Uie inah-ix creep rdles call hc ignored in comparison to 
those of fibers. Two inportiuit relationsliips :uc ohtauncd: ( I )  a lune dependent relation 
hetween the pull-out stress and Uie i-ckitive sliding distance between the liber and matrix for 
the purpose of analyzing pull-out expel-iincnts, arid (2) die relations between the bridging 
stress and the crack opening displaceinelit 10 he used i n  studying Uie mechanics and smhility 
of mauix crack bridged by fihcrs at high temperatures. The present analysis can be also 
applied to Nicalon-reinrorced CVD Sic matrix system since the Nicalon fihcrs exhibit creep 
characteristics similar to Ihose 01 the SCS-6 lihers. 




