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the8 m a l m  ofmolyMmum,niobium, niwogal, and 
n i c l t d h t b e s t c e l m u s t . k ~ . A s a T C g P h ,
chmdum--dttm smh are bdng dsveE 
o p c d ? ~ ~ p m p m y d a t a h d h t e  
tbatt.bd~vatioamartenSrdcst&s~wsim-
ilarly to tbe cmvtllt io~Immmdtlc a&. 

TABLE I 
Cbeml#lCompwhkwofTtrtMuaIrb 

W h m a s & e l i s ~ h a ~ l r a r t r o n  
f i d d ( ~ ~ e t l t l ~ ~ l ~ w m b e ~ , a o u -
t r o n s ~ a t o m s h r r m ~ ~ ~ i n t a i n -
tastitial-andkawbefifndavacantW&. 
~ ~ a t o m s ( t e r m a d ~ ~ m w c ~
dootOfvamnttattirr?sita(~),andthis"dt-
p-mt ia in tCfmO of the aver-
a g e n u m b r o f d m a a n ~ b ~ f r o m b  
WeepositioPas dbpla#meoEsper atom (dpa). The 
* c m b ~ f m m ~ a a t t r o n ~ r s # i v c d  
by tbe stal. 

I t k t h t ~ o n o f t i i e i a t ~ a n d v a a u t -
d e s m a t d b y h d h t k t h a t ~ ~ e a e d o f
k h e ~ o n t h e ~ p r o P e r t i e r - a ~ ~ a ~  
m a n y a t b e r ~ . A t ~ ~ , ~ -
s t t t i a l s a n d v a m d e r a r e m o b i k , a a d ~ ~ ~  
llated by a onetoaw recombination and thclefm 
h a * n o e f f a e t a n ~ . T h O b # t h r r t d o ~ r w w m -
b ~ m i g r a t e t o ~ , * ~ t b r y a r c a b 9 o r b e d . ~  
include surf%ocs, grain boundaries,M o m ,  sad 
~ ~ 8 v i t i s . T e n s I l e a r s d ~ p ~ ~ d i m a f -
fadby the defect dusters that ~ I Iform. C b t m. of hmaithls caa cvolve ioto did-
=nancychumCBLlwwinta-

-
Carboa 
aicm 
h-m=c 
PhorpborPo
Sulftv 
chtdum 
~1~~ . 
Mkw 
y.ardfpm 
Niobium -w 
Ahmbm 
m&nhm 
Copper 

ordtics. Soluteclustersmalso fonnuflder certaip 
d m .  

Thetypeof cl- defect that forms m d s  on 
the irradlatioa tcmgaaaue. -O.35Tm, w h 
T i  b t h ~ib~httmehIngpoiot of the irradlPted ma-
t c t i a l , ~ ~ m o b i l e r d a t i v c t o v s E a n c i e s , a n d  
r t t e ~ ~ b i a e t o f o r m ~ 1 o o p B . T h l a
~ r i s e t o a n ~ i n s t t C P D g t h a n d a ~ i n  
-0 

Vecmcies become incrdngly mobile above 
0.35T, md8&lmidm lad avity nrucmrrd t s .  
~ ~ , w h k h i s a c c m p a n i c d b y a n I n c  -in volmc o,because certain 
~ h a v c a b i a s a n d d o n o o ~ v ~ e i e s a t r d i n -
mstithhequally.* If all &b acccpkd both defects 
c q u d y * t h e a ~ ~ m d ~ w o u M d -
hUaieatasinlr,audnomwoHkld,Howewr, 
wItbia a grain,hmaithharcaoecptsdp r c f e  
by d i g l d m s .  This ~ V C Ban exasp of vacancies to 
be ahrbcd by c a v e ,  giving rise to the obsemd 
srvelling.

Fmdly, at high hadhion temperahlrts (grcata 
than -0.6Tm), defcct e l m  art mstubie. That is,
the high bquilibrium cacmtrationand rapid 
diffubion l a d  to vacancy-intmtitial annihilation, 
aad displacclumtdlml8&ehas little effect on prom-
ties. Howmw, at elevatedtern-- mtcfthan 
-O.ST,), any ~~n helium pr- d m  
H&IIlead toproblems in t W e  dudility. 

Inadditionto the damwe, a neutron 
beahorbedby anatomof the irmdhud alloy, re--ina mmradonthat prod- anew 

metal atom and b y d m  d o r  hdim i~ atoms 
within h e&y irradiated. Indicationsate tht 

9 0 - 1  M-V-Nb 
W~pl30176) 

0.m 
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~amountsofncwntctalatmshawP#leeffect~ofsfarite matrix with d d e prdpkatw anda rcl-

p r o m . Lbwh,hyctropeaWWprobbty haw lit- acEvdy low dm&. Tbccarbidesamacum-

tlecffsctone m becauseit should-from bhWmof MaC, andMC (Ref. 5). 
t l w d l o y a t t b c o p c r a d s e t r m ~ o f m o s t ~  

tors (250 to SWC). Howw=, Mum-affect the IY WSPUCLMERT DAMAGE EWECTS
w.It isrelativdyfasolubleIt!metalsandthus QIfUSllE~m
w m b e ~ ~ ~ ~ ~ t b a t a m f o r m  

~thematrixaudon~brrtmdarIsPatbdpradp- I m t d W m S n a f s t ~ s u e h m t h t ~ e o - 
itateMas. tp1BrcbderRecl;etwII(BBR~xr)ortheFastFluxTest

~ t h c r r a r c r p b t t e d i f f ~ b e t w # n r h e~ ~ ~ ~ i n ~ A P m a n c ~

wof-d-4F-m- tlebdiumformation ImWhtampffawrcsarecmk
b8wmmd8fd- ,&fla  
o f d i s p ~ d m n a g e ~ t l ~ s W s f o r a f u - bg the rodiuk c m h  - m e ,  and tea 

s i o n r e r e t o r c a n ~ s t u d i c d b y ~ i n a f a s t f t r -can be bctwcen -360 to 7M°C. . . 
sionreaecor.Howcver,tkmuchhigh~oftbe A n m a n t p I e o f t h e e f % c r o f f m t ~ ~  

namns (upto 14MeV) prod& ina M wmaor 0 n ~ ~ d 9 C t - I ~ V - N b ~ t d i S ~  
inFw.1and 2 (It&,6). IrmeWoawaa at 390,450,W i u d i n m r J c b m o r c ~ ~ t # d i u m t b n n500, and550°C ioEBR-11 to -9 d p (tbespadmenn ir-f w n r s i n m a s t ~ w ~ . S u c h a s i m ~~a39O0Cwactdr r ts000C) .A lsosbownow d e v d w tof d € s p wdamageandhelium aredataforthemmdidandttmperrddsndfor
c a a ~ b o t h t h e ~ k b a v i o r a n d t h e ~ 
~ ~ t h # m P l l y a # d a t t h e ~ m t u n p o r o -

i d ~ ~ t o ~ f a r m P e i w o f d ~ 4 tmforHlOOh,theapjm&mktfmcinmc&or. 
-aioae. ~ a t ~ C ~ i U a a ~ i n b w t h  

I r r a d h t i o n e f f ~ o n t a r i l c ~ w i l l b e e x -
a h c d for two processes: the effect of dbp-t V* 
dmageofthetypegmmmlinafastrcactofandthe

effect of a combindm ofdlrphcmmt damage and uHm!BMm Aim 'flRmAl'ED 
~ h d i t m o f t k t y p e t h p t i s ~ ~ b e  0 --.crYlELO -0-

~ t f o r a f o s i o n ~ . A & ~ , t h e r e i s n o  A -ULTlMATE -m-
fwiwm u o r oro t k ICMeV neu~onsource a d - TEST TEMFEFtATURE r 1RRAMATlON TEMPERATURE 
dleto study the cffea of helium&dy,  and the ef- r AGlNG TEMPERATURE 
fect of the simdmmous formation of displsmxmt
~ d h t l i u m ~ m u t b e ~ ~ u s i n g
M o n reactors. 

T ~ s t u d i e s h a v e ~ c o n d u a e d a n ~ c  
stcda for the LMR pr-. but few data fromtboQe 
stdimhawbeenpubh&d.Fortbatmaon,data for 
k h ~ o r t l t h ~ a r e r a k m f m m ~ ~ 0 ~ l 1  
dlwcd for the U.S. Aisioa program. Further-. . -, thecffoctof ononmanensltlc 
- ~ i n b ~ m f g ~ t b t m 9 C t - fMo-
V-Nb and 120 - 1  MwV-W m&.I t  is  atpadcd that 
dlmartensitiesteels, ~ t b t r c d u e c d ~ o n  
~ , w i l l ~ v e ~ l y ~ i r r e d i a t c d .

Fa the st& to k-, tbc 9Cr-I M+V-
N b d I Z C t - l M ~ - V - W s t # l s ~ i n t b t ~  
andtcmpercd~kfmirrad ia t ion .Both~eJs  
a r c ~ b y f h € ~ f o r 0 . 5 t of h a  
- l O S O O C ( t h e t I m e ~ w t b e ~ o f m a t b  
rial beins W treated) aad then dcbct air amline or TEST TEMPERATURE I4cl 

-ling rapidly ina flIowinggas.Tempering iscarried FSa. l . T b e O . Z % ~ y i d d W P n d ~ ~ ~ a f a ~ a o f t m r -out at 750to780°C for I to 2.5 h. After thcmmd-
pasturefor9 0 - 1  hbv-Nbstad *hadtation~ t r r a t m e a ~ t k ~ ~ a f a m a r -to-I1 dpa, in thtnormalJtedandtemwcow-tendteLtbWWmkWhhthtm&x-rthigh for5000h at theirra----. a - don. ~ P f l C T t h a m m l ~A---!*-. - m  A!..-
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Kh#h BEHAVIOR OF MARTENSlTIC SIBEU 

am1	Ma-V-Nb m 
WJImAmAT8) 

--r--AGED 
-1mAmm 

TEST TEMPERATURE o I R R A D l & ~WPERATIJRE 
*AOwtEMP€RATLHlE 

cipitates identified as C& and a small number of 
f ~ v d s w m a l s o f o u t a d . F ~ s p c c i m c n s ~ c d  
at 500 and 5M°C (none were d e d  aft= irradia-
tion at45O0C), there was ray little change in micro-
stmcmc comparedwith theunitradietedcondition? 

Tbe ?BMobsematiori~fit quite we11 with the ob-
scrvl lttonsontasitcproptrdcs*~at390°Cla
awedby theirtadiation-iaduosd d i s l d o n  and pn-
&pitatestmcme. At 450,H10, andSWC, the lack of 
a n y ~ ~ i n ~ ~ w 
the udumgd tensilt proputie after irradiation or 
thermal aging at W tern-. 

""Y 

S ~ E Mof 120 - 1  Mo-V-W stad W C ~ha-
diatcd up to 13 dpa in the same e m t  as the 
90-1 M+V-Nb d8Stmilar eff- were OW 
Harddag occurred at 3W°C, and tssentlally no 
dmgt rcsuttcd from hadkiot l  at 450, 500, and 
530°C. The24Cr-1 Mo fmitic std was also irradi-
aud inthis m m t .  Hardening was obgcmd for 
the steel imdhed  at39O0C.However, an hadiation-
enhaMxdbofsuwgtbwasobserwdatSM°C,rrs 
well as some loss of ma@ due to thermal aging
alone? Tbcdiffaen# betwotzr thest& is attributed 
to the preseslcc of the more stable MUG and MC in 
tbe 9a-1Mo-V-Nb and 12Cr-t Mo-V-W st&, 

with the d t i v d yunstable M2Cand M A  
in 2 CT-IMO.Irradiation i an acceI#atc th& 

h u mthc number of produd 
enhnce diffhsioL 

B d tbe90 - 1  MeV-Nb and 120 - 1  Mo-V-W 
~werthrrthetitradiatcdinEBR-l[IcoWt02Sdpa 
at the samc temperatr~e8.~~At 3WC, chert was little 
change dative to tbe st& imdkcd to 9 to 13 dpa, 
an indicationthat tbe hard- satwatts at a fluencc 
of-10dpa. After irradiation at 450,500, and S5O0C, 
tbsrewas sJso tit& differcaaIn the temi!c propdta
of tbe irmdiatcd and the normatized and tempered
@ ~ . 1 °  

& n & e ~ i D y w d ~ ~ U T S t h a t # r u l d ~ a t -
t r i ~ t o ~ a r t b a m a l ~ . T h m w a s w -
~ L l i y n o d i f f a a t # i n ~ ~ t h e m t f f m  

at that three tunpmmr-.
T i r e e f f s c t o f i r r a d i a t I o n o n ~ ~ t h e  

eff~l~tans&mg&(Fig.Z).Tbc~mlfcmnrrndtotsld~ hmfhGftiE~~)f4-MCVnnr~0f imt o p
gations of the irradiated at 390°C were duee the Wum:dpa ratlo h tbtfirst wall of
d i & l y l c g a t b a n t b o s e o f t k ~ ~ a o p d ~ .a M o n e ,  ~ ~ o n t c c h n i q u e s ~Monte-
A t t h e t h r # h I g h a t ~ o n ~ ~ t a a ~ - ,actors are -to study tbe effect of helium. A 

method employed for the -tic srceh is to addT small amounts ofd&el to tbe steels and to W a t t
d o r t o f m a t & a h ~ i n t b i s e x p e r i m m t w e r e  tbeminamixed reactor, such as the Hi&-
c a r r i c d o u t b y ~ ~ d ~ h ~ m ~ ~ , f w b o c o m p a r c d
normalixedandtemmmataialwithirradfstadma- m o m  are g- in a mhed-spa~nmreactor.
t&& b the d m d a t u l  condition, the 90 - 1  Mu- Fast ncnmma in the produe dispk~cmmt
V-Nb steel is a tan- mstmctm that ~smant.~ & ~ m i ~ ~ r o d u o c d w h t h e % i i u t h c s t # ~
c o - i n s ~ b ~ ~ ~ ~ a l o n glmkgoetht foItowiag twHtCprcaction with thefmaI 
with a highs&&y ofsmall, d y MC -. muons in the specrmm:

After IrradIatiotl at 3W°C,a high density ofdial--

t i o n ~ o o p s a r s d ~ f a w e d ? ~ r o d ~ ~  " ~ i + n - i ~ N I + y  




nicltel)st#bwere~sdinHFlRat-50"C{t.k

HFIR cwlant temperature), and the effect of fham 

(0 to -25 dps) and Mum m n (up to 327 


was by room tampmawe twdle 

RCS=C 1 1Cr-I Mo-V-W. 12Cr-


t WV-W-1: Ni,ard 120 - 1  w v - W - 2  Ni steels in-

~ ~ t h c y i d d s t m s ~ w b h i n ~  

dspbmmt Fy.4). dbovt -5 dpa, therate 

o f S t m g t h ~ * f k t e a # ~ i I s t t # d e m - 


lmd hmead*'2 
S i a e e n i c l c d l o w a s t b A , , ~ t b e n t # l s  

w i t h 2 l l h n i c k e I t # c r e ~ a t a l o w a ~ u r e  
PWC)than the conv~~~donslsteels or tbe 12Cr-

f Mo-V-W-1 Mi atsd (780°C). This renrEtcd in &€-

fcrau s m l g r h  in t h ~whadw@dcodidon and 

eausedsumedifiIcultyinin~theresufta.The

MOW fm theQffermtnickelcoqdt ions aftw 


. ~ ~ ~ ~ ~ C a s n y s c e n b y ~ p W i n g t k b s
ha* of the 12Cr-1 Mo-V-W and 12Cr-I M e V -
W - l M ~ ( F l g . 4 ) , w h i c h h a d a i m i l a r ~ m
t b e ~ # I s l d i c i o n . W h m ~ t o - # ) d p s  
toprodu#-$Uand 160appmhdiomin12~-lMo-
V-W aad 12Cr-1 Mo-V-W-I Ni, W d y ,  the 

m E N T DAMAGE Idpa) 

' Fu.3. RchtbnshIpW w e a ~heliumconcaraation a d  #atnage forawcniiticand ferriticst& hadhcd in 
M R .  ERR-11. and the R n t  d l  of a rnkmnnk-M 



Pi.4. TbEyibM of 120 - 1  Mo-V-W, 12 0 - 1  M* 
V-W-1 M,and t20 - 1  MeV-W-2 M s t d s  tt a 
f i m c d o n o f f l ~ d k r l f i r d i a r i o a I n H P f R a t  
~ W C .  

yWd of the 120-1 Mo-V-W-1 M d hi-
d-1oOMPammrbaatbrrt for 12Cr-lM+ 
V-W steelm.4). Lik- although the yield
of the 12Cr-1 Mo-V-W-2M stGjwas -185 MPa 
abovethat forthe 12Ct-1 Ma-V-W steel ID the&-
reaiatrA ewdition,the diffcrum wm -256 MPa at 
20 dpa, where the 12'Cr-1 Mo-V-W-2 Ni skd con-
tained -320 appm The differmabetwan 
the 12Cr-l Mo-V-W-1 Ni a d  12Cr-1 M-V-W-
2N1rtwlaftcr-20dpawmamly-20MPamorrthan
before irrad$tion, i d d qperhnwthatr lraturation 
with M u m  concentr&on was -. Mffemc~s 
in the UTS behavior for thc diffmt stcds s h d  a 
nimilar utnd to that of the yidd -.I2 

Raha f o r t k y l d d m behaviurof 9Cr-1 M* 
V-Nb and9 Cr-1 Mo-V-Nb-2 Ni s t d  we shownin 

NUCLEAR -0-Y VOL fOP JClPiE 1993 

F i g . S . ~ , ~ t h m e k a ~ ~ o f 2 2 0 M P . a  
betwamtbtyieMstmtsoftbtwogcedsintbcnoPmaE

irnd and tempaed U t h ,  the d i f f ~ e w xis -350 
MPaaAerirradIationto-20- wh~rethc9Ct-
1MwV-Nb and 9 Cr-1 MwV-Nb-ZNi st&s can-
miad -20 ard 220 appm khm, mpctivdy. A 
$imuarob#natioo,w&amarlrfmtkUTSkhovior.l~ 

AtBowftt#aces,adudkydeereaseacmmp&d 
the sftwstb iwxePsefor thoW 120-1  M+V-W 
stads.u~use#hEtadwhhaonidrdadddwtbe 
~ ~ k f m ~ i t s h o w e d t h e ~ -
e s t ~ f ~ b y t b e ~ w i t h l % ~ d . m e
t d ~ s b w e d ~ o f a ~ t r m a f -
terdbpkmmtdmagelCYCkiofS t o  10dpa.Aiter IS 
d p Q o r m o n , a n t b r e t ~ h a d ~ . b o u c
t b o s c r r t 1 0 & p a . ~ s h n ~ 1 . i ~ ~ ~ f Q r t h t  

Fie.S.Tbeyiddwof9Cr-lM+V-Nbaad9-lM+
V-N&2Ni~asafrmctionoffluuwrfteri~a-
di.tioa in HFlR or -WC. 
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d m of &e 9 Cr-1 Mo-V-Nb and 9Cr-1 M+V-
Nb-2 Ni 

~bertateindhtiomthathhdmkhginchra-
m-mo&Wmumsteels at 3P0°C i m d h t d  in EBR-
I1 mtzuatea with increasing f l u e n c ~ , ~ ~as hrts been 
obemed for austcnitic -." Thge SO°C 
reajtsfarthe9a - l  &V-Nb aad 120 - 1  MwV-W 

aduoidsthatareprwnotodin~mart~stcdsh 
the prcsaa of hdiIlUl." 

When helium is in aa i n t d d a l  position, it caa 
H y diffuse thr- an alloy.H Howem, hued-
tislMumcanbccomtimmobibdwhenvappsdby 
a into8substbmhdpaition. To the e x ~ n t  
that h e I i u m p r e ~ m p t s ~irom EmmbbhBwith 

sccclsIndlcetsdW t h e r s t t s o f ~ i n ~ d s -l d s i k d f 4  - - " ' ' ; , c i t h e r ~ s d f 4 a ~ w i n  
d 8 i g d A a n t l y w i t h ~ f l - b e t w e e a  bprc~mtatagiwmtimeormoresdf- int~wrtl  
about5ondlOdpa~.4srPd5)W.IZ).AMmgh ~ a d ~ t o f o r m a a d ~ & k s 8 . 0 , ~ ) .  
datsmHmitEul,thtmlltswereintapiandto- Helium va- clusters mn form at tunmurcs 
t h a t a f t e r t b e r a t h e r r a p i d ~ h ~ r a t ew b both the M u m  and are mobile.'a 
beyorsd-Sdpa, t h e r e d @ d l  kadightupward T h # a r r a t P o ~ t h a t W u m r e ~ ~ d t  
e t o p a t o t h e ~ p - ~ ~ u r v c s *  of the &mqp m b a m c m c  produd (i.e., loops) 
~ , a e ~ o u t ~ * t h e ~ o f t h eand p h & S  loop aaJdity to high fluermces*19Such 
rmuh for ths 12Cr-1Mo-V-W S&C& w&b p r o c e m m w o u l d c s u n e ~ d o d h a r ~ a s ~ u m
dckd contents i a d i ~ ~ t atbata smmthmaybe oc- buiMs up. -M--& ewld must mom 

Ioopnudtationpad/argmwthrdnsivetoIowerWumc t t r r I n g u s h W u m c o ~ o n h ~ j ~ s s  
~ 0 t l i l l h a t d e n i n g ~ t 0 o c c u r w h b I n c r e a t i

dispmmt damageinthe&sum of helium for 
st& Irradlatcdat 39O0C(Ref. 10). 

ThenicUdopedsteebwmalwirradiotsdin
HFIRat J00,400, awl 5Oo0Cup to -11 *(Ref. 14)
amdinEBR-II at 390,450* 500,and 550°C to -I6 
dpa (Ref. IS). When fmdhtdat 3Oo0Cim W I R ,  all 

Hdirtm-eabsaoedtoopfornaationand 
~ a a d a b u i l d u p o f ~ v a # m e y d ~ i n t b t  
matrix couM ~lruacaddidomal 

paetedtosamrat~ 
At irracfiation greater than -O.ST,, 

dbpkmmt b no longer stable, and flow 
o f t h e s t # i s ~ P O W d a n ~ i u ~ ~ v ~ t ~are bnsicany unaffected by Imdhtion, Inpr-

t h d y a g e d ~ . T i P e ~ w a s ~ ~mruq~imdbdalloyathacwtainhdi~~dudil-
for the high i t y a f t = ~ ~ w h m t c n s i l e ~ a t d -

evated tempmtwm.* Such helium mbrietlement 
havebamcausedbyrbshdumproduceddu&gh- M s t o i m e r s r m u h r ~ w ~ ~ l o s s ~ f ~  
Woo..IftMaistrue,thtstm@ innwr#ducbb ~ ~ t o b e ~ b y ~ o n ~ ~ 
l i r u n l s i n a d d f d o n t o t h a t ~ & b y t h c ~  F o r ~ ~ ~ t h e e f f e c t o c c u r ~ w i t h  

~ ~ W ~ ~ m o f ~ s t t e n O t b - m a y  

the 
I m p s a n d p r c c i ~ t h a t f o r m b y ~ hp-ce of only a few appm Mum-cvm the smaIl 
agedone. Irradiationat41K)"Calso msed aamg& mounts formed dmhg fast -or Allirradiati~n.~ 

ford of the steels,with an effect of helium indiakare that this cffm is not important in the 
&gainevjdcot.14 Wbea the pwults for bradhiion in ~ s t c d s , ~ a n d i t w i U n o t b e ~ h r t h u .
HFlR mmmpared with spcchuu irradiated in 
EBR-II at 390%. whcre littfeMumwas pmbced,ls 
i t a b o ~ t h a t h d b n p l a y d a r o k i a t h a t ~
~ ~ r w e e e o b e e m d f o r r n R ~  
thaa for EBR-11 irrabIat10n.There wrto noM i d 0 1 1  
that the p m c e  of nickel in the st&s had a dgd& 
caut effecton the irrlldiatsd pmpth .  Aaor irradie-
t ion inHFIRat5a)"C, thcrewas~wno~h 
mcngth r d a d n to thc themally a@ Tl& 
&withthe resultsof theEBR-U--
~indi#rtbd~strtngtbsaiagrokofbelimnatthis 
tcmpratm. The chaagc in ductility refkaed h e  
--. 

As dkwsed In the Sce. IV, the irradiadomb& 

~ p m a d e a t t l e r i n d i e a t t t h a t m r u t e p .
s i t k ~ a r e ~ b y ~ n a r t e m ~ u r e s
b d o w - 4 5 0 0 C . ~ t k ~ t b e l o s s 0 f d ~ ~ i l -
ttY would not to cIiminrtc the a d s  for appii-
c a t a o n s f n ~ ~ . H ~ , 
t h a t m u s a a n ~ i n y i d d ~ a n d U T S o f t c n
c ~ a h o f ~ , a s ~ b y C h a r p y i m -
paUW.An £ntbcdwddnittletransition 
temperature@FIT) anda dcmacm the --shelf 

c n i n g o f t h c m ~ ~ d S s f d a # m e a t d a m q p i s ? h e ~~ a r t o b n a w d k m t ~ o f d t c d s h d h t e d a t ~  
ofthe dislocationand pmciphatcmetunthatf- watum up to4WC(Rcfs. 22, a,and 24). It k the 
dudngirradiation.TheWlRexperimeatsd~acussedi~l ~ ~ f r o ~ t b a t i a ~ f ~ c o r w a o f o r r ~ a r -
t h i s d ~ n h d k e t b a t b d i t t m s u ~ ~ a ~~ ~ t o b e a s c d k l m c l e a r ~ . R # r t u  
w ~ 1 t  cxpetimtato IQdieate!hat hellurnmayPlooplay a rokofhdmhg,M.ehantrmaby whichhelium 
might affeetstreDgthhtrvehspeMlratedm"" in thin loss of to-.-
Helium in d t k an ill- or subsdmionalposl- IfuandWhh d k d  12Cr-1 Mo-V-W stdat 
tion couldaffect s t m g h ,  rs #ruld thean.nmbh 390°CinEBR-IIto 1 3 a a d 2 6 d p a a a d o ~ a s h i f t  



inDWT (ADBTF) of I S  and 144OC, mp&vdy.s 
FW 9Ct-1 M-V-Nb d,sbiasof 52aadS0C 
obsensdaPta 13 6mdXdpa,-, Bwbobra-
~ ~ t a l r a t o m c p n t h o t t h e P b i f t h a d ~  
with fhmct.ZJ 

Wbcn 120 - 3  MeV-W W was irradiatad m 
~ # ~ I ~ - 2 5 e p p m h t l i u m w a s g c n m -
sttd,aADmof l % ~ C w a a r o t w a v e d . ~ h a ~  

both9Cr-1 Mo-V-Nb &120 - 1  M* 
V - W r o s d ~ ~ u i b H F I R a t ~ C t o - . 4 0  
dpa,andtbcreouhswae~~bstaamydiff~tfrom
W oWhdin EBR-11 IFig.6) (Ref. 26). The 
ADSIT fop the 9Cr-1 Mo-V-Nb, whi& 
-35 lppm heliam, was W C ,  while thM for 120-
1hbV-W WWI -1I0appmh d i ~ ~ ~w a ~242°C. Thus, 
itappears~ttsesahrrat#mI withfhoeoceobsenedfor 
madmdam inEBR-II bnot apply forHFIR irradi-
aticw. Thisdifferena berweea HPIR andEBR-II has 
biEp-attriitoh&um.-Ifthisisabo-
b e P f o c t , t k ~ ~ t h a t h e I i u m h a s a g m m  
effect on 9 0 - 1  Mo-V-Nb tban 120 - 1  Mo-V-W; 
that is, the I t  Cr-1Mo-V-W ammined a h tlute 

timesasmuch helium as the 9Cr-1MeV-Nb, but the 
ADBTT vahics for the twostedswere m l y  slightly df-
faaat.ThIsmeffaaoftadfumin9Cr-1 Mo-V-Nb 
t cpiiutively eodstcnt with the yield nras behav-
k 2 h ~ . 4 ~ d 5 a n d w h b ~ d 8 U ~ ~ s d  
for these st&.16 

~ t h i s o b s a v s t i o n s b o u l d n o t a f f c c t t h e ~  
of ateds for fast -or appWons, it couldk 
important in a fusion reactor first wall, what kwge 
~ ~ f ~ u m w i l l f o r r a . F ~ # t S ~ ~ ~  
to daamineU a88twutlcrninDSTT with fluenctoc-
cursinILppnsca#ofbtlium.Ifasmmiondwsnot 
occur P(ifbOUt a sub- farther incrca~ein the 
D B T T w a t h a o ~ i n t h c p r d i n d r r a r y ~ , l J J b  
then the use of -tic st& as8auctd m a d -
a b f o r f ~ o n r ~ w i l l n d t o b t ~ u a t e d .  

YILmmrU%r AID ~ U u S l o E S  

Tmsilc properties ofthe numemitic w#Is are af-
f c d e d b y ~ ~. .  ' n.H m b i q  ooarrsfor ir-
rdmmntcmp#atum up to -4500C; the hardening 
appc~rsto saturatewith flume. At higher trmpcra-
turn.irradiatioahas Httk dfect. lllthrrrlnh kmdhtion-
u&d diffusion an d t e the -bmal aging 
~.Tbcprrsmcc~fhdillmappeerst~mhancetbc
W o n  hard-. At- minor losscr ofdue 
dlity accompany the hardening, the effect of imdia-
b o n t b t ~ p r o p a r t i e s r h o ~ n o t s a i ~ 1 y a f f e e t
the we oftha  steds for n u d m  applications. How-
cvn;bar~abu.usasahoftsughncEs,asmta;-
dby Charpy impact testing. Initial obscmtions 
in- that helium enhance tbis lais of toughnws.
'F-OCC, the=WOOwhb fluen- tbat b ob-
saved for thcshift inD m hi the akwcnu ofhelium 
W D X I ~apply when btlium isw t .  Fmhcr stud-
k0arctsquirodtowrifythhMumeffcctand tode 
t a m i a e i f t h c ~ a e d s w i nkviabkstnlcnual 
mataialr for fusion rcaetor first w&, whcn huge 
amauntsofbeltum~be:grmcratcddwhg~oo.  

BevitPProfthE~nuLeriptbyD.J.Alatander8idS.A. 
lkvJdw Ppprcdued as are the klpfpt dkuskm with 
A F . b w d W f ~ . T h a n l c e ~ d ~ ~ ~ t ~ F ~ S ~ ~ a r -
bcrro for p r q d qthe final maaudpt. 

Tbir-wassporwmd bytbcUd. Dwmmcntof m,W ! o f  FusIcrnErrergy, lraderamnaaDE-ACO5-
840IU1Wwhb Manin M u h a  Eoagy Systems, lnc. 

Fi#. 6. A oomparimnoftht&iflh DBTT for (412Cr- 1- CJ. D.JOHNSON, YDewlapmcn.tofHT-9 for Liquid-
1Mo-V-W and (b) 9Cr-1 kla-V-rn -H- M d  Reactor C m ~ . wTrrms,Am. W.Soc.,60,
atedinEBR-IlmdHFLR. 
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