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During t he  pas t  si3: months t he  havdboak e f f o r t  has .hen  d i r ec t ed  towards developing data  

For t h i s  period t he  e f f o r t  has heen t o  maivtain a continuous f low of  data shee t s  

1.1 M a t e r i a l s  Handbook for Fusion Energy Systems (McDonnell Douglas A s t r o n a u t i c s  

s h e e t s .  
i n t o  t he  handbook. 
t o r ing  of t h e  processing of new data shee ts  i n  var ious  s tages  of preparation.  

Frogress has been made towards the  achievement of t h i s  goal by t he  moni- 
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f i r s t  imll. 
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2.1 Neutron Source C h a r a c t e r i z a t i o n  f o r  M a t e r i a l s  Experiments (Argonne Na t i ona l  Laho ra to r y )  . . .  

Dosimetry measurements and ca l cu la t i ons  have been completed f o r  t he  CTR 33-45 and T I  
i r r a d i a t i o n s  in HFIR. 
t h e  PrP posi t iori .  

(Oak Ridge Na t i ona l  Laho ra to r y )  . . . . . . . . . . . .  ,, . . . . . . . . . . . . . . . . . .  
being scaled t o  agree w i th  experimental da ta .  
y i e l d s  176.2 a t .  ppm He (no t  including 2.0 a t .  ppm H E  from 
s t a i n l e s s  s t e e l  i r i  ORR-MFE-4A and 133.0 a t .  ppm He and 9.13 dpa i n  ORR-MFF-4B. 

Neutron f l u x  and damage r a t e s  are q u i t e  s im i la r  to preuious r e s u l t s  i n  

2.2 Neut ron ic8  C a l c u l a t i o n s  i n  Support  o f  t h e  ORR-MFE-4A and -4R Spec t r a l  T a i l o r i n g  Exper iments 

The calcu la ted  ,fluences from the  ongoing three-dimensional neutronic6 ca l cu la t i ons  are 
As of September 30, 1984, t k i s  treatment  

and 11.90 dpa fo r  t y p e  316 

2.3 Opera t ion  o f  t h e  ORR Spec t ra l  T a i l o r i n g  Exper iments (ORR-MFE-4A and ORR-MFE-40) 
(Oak Ridge Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The specimens contained i n  
The specimens contained i n  the. ORR-MFE-4A experiment have operated for an equivalent  o f  

986 d a t  30 M4 reac tor  power, with temperatures o f  400 and 33O0C. 
t h e  ORR-MFF-4R experiment have operated f o r  an equivalent  of 787 d a t  30 W reactoP power, 
idith temperatures of 500 and 6 f l O O C .  

2.4 FFTF Fusion I r r a d i a t i o n s  - FFTF Cycles 4-6 (Westinghouse Hanford Company) . . . . . . . . . .  
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2 1  

specimens Were prepared and loaded i n t o  t h ree  in-core can i s t e r s  of t he  Materials  Open 
T e s t  Assembly ( M O T A )  f o r  irradiation d u r i n g  FFTF cycle 4 l rJanuary-Apri t  1 9 8 4 ) .  I r rad ia t i ons  
sere conducted a t  4 0 7 V  I 6 1 1  dpai ,  518OC il4-1~5 dpai and 595OC (14-16 dpa ) .  A l l oy s  empha- 
s i z ed  i n  t h i s  i - i t i a l  i r rad ia t i on  were t h e  m t h  E f e r r i t i c  a l l o y s  HT-9 and 9 Cr- I  Mo, and t h e  
m t h  C vanadium a l l o y s .  

d i a t i o n  during FFTF cyc l e s  5-6 (June 1984-June 19851. New specimens were a l s o  inc luded ,  and 
add i t i ona l  i r rad ia t i on  volume both in-core and below-core ms ava i lab l e  f o r  an expanded t e s t  
matr ix .  I r r a d i a t i o n s  are cur ren t l y  underway during c y c l e s  5-fi a t  3 6 S 0 C  (below-core: 
d p a i ,  a t  425 ,  520 and COOoC ( a l l  25-28 dpaJ and 5oO0C (6-14 dpa ) .  
a c t i v a t i o n  a l l o y s  m s  given f o r  t h i s  i r rad ia t i on .  
during cyc l e s  e 6  w i l l  accumulate approximately 4.5 ,&a. 

These specimens Were e i t h e r  discharged or r e in se r t ed  i n t o  new MOTA hardware f o r  i r ~ a -  

4-7 
Addit ional  emphasis on low 

Specimens i n  t he  peak ,flux p o s i t i o n s  

2.5 Test  M a t r i c e s  f o r  I r r a d i a t i o n  of Path A Prime Candidate and Developmental A l l o y s  i n  FFTF 
(Oak Ridge Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 

An i n i t i a l  s e t  of transmission e l ec t ron  microscopy ITEM)  d i s k  specimens was assembled 
f o r  i r r a d i n t i o n  a t  approximately 420,  520,  arid f i00oC t o  f l uences  of approximately IS, 4 5 ,  and 
7 5  dpn. 
pe ra tu re s ,  and additional, specimens Idere then reloaded t o  achieve f luences  well  beyond 100 
dpa. 
p o s i t i o n  a t  approximately 600°C. 
d e t a i l e d  specimen loadings are descr ibed .  

Some TEM specimens idere dificharqed a t  approximitely 9.5 t o  15. f i  dpa a t  a l l  t e m-  

Tens i l e  specimens idere a l ~ o  included i n  t he  reload fop i r rad ia t i on  i~ an ahove-core 
The general p a l s  of ;:he experiments are out l ined  and 

V 



2.6 R e i r r a d i a t i o n  i Q  FFTF of S w e l l i n g - s e s i s t a n t  Path A A l l o y s  P r e v i o u s l y  I r r a d i a t e d  i n  HFI? 
(Oak Ridge Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 

Disks of EA (in several pretreatment c o n d i t i o n s )  and several  heats  of cold-worked !CW) 
t ype  316 and DP t ype  a u s t e n i t i c  s t a i n l e s s  s t e e l s  have been i r rad ia ted  i n  HFIR a t  300, 504, 
and 600T t o  f l u e n c e s  producing about IO t o  44 ?pa arid 4.50 t o  3600 a t .  ppm He. 
are beiwg re i r rad ia ted  i n  t h e  *'<aterials Open Tes t  Assembly ( W T A )  i n  FFTF a t  500 and 6!?Oo,C, 
t oge ther  (side by side) wi th  previously  uvirradiated d i s k s  of e z a c t l y  t h e  same m a t e r i a l s ,  t o  
greater  than 100 dpa. These samples, many of which have e i t h e r  very f i n e  helium c l u s  
helium bubble d i s t r i b u t i o n s  after HFIR i r r o d i a t i o a ,  are intended t o  t e a t  t h e  poss ib i l  
magnitude of a helium-induced extens ion  of t h e  i n i t i a l  low-swelling t r a n s i e n t  regime r e : i t i u e  
t o  t h e  void srdel l ing behavior normally feud d ~ r i w g  F W F  i r r a d i a t i o n .  .Further, t hese  aanples 
w i l l  reveal  t h e  microstrueturat  s t a b i l i t y  or evo lu t ion  d i f f e r e n c e s  t h a t  c o r r e l a t e  w i t h  such 

These samptes 

hel ium effects. 

2.1 An Assessment o f  He l ium E f f ec t s  on S w e l l i n g  by R e i r r a d i a t i o n  i n  FFTF o f  Path A A l l o y s  
P r e v i o u s l y  I r r a d i a t e d  i n  HFIR (flak Ridge Na t i ona l  Labo ra to r y  and Westinghouse Hanford 
Company) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Specimens of  t h e  Fath A EA and of Y - l 3 t  3i6 have been i r rad ia ted  in H.PTR a t  4 9 9  t~ 
600°C t o  f l u e n c e s  producirlg approximately I 0  t o  44 dpa and 500 t o  3600 a t .  ~ p m  .He, i? hnth 
t h e  so lu t ion  anmzaled and 20 t o  2.5% cold-worked cond i t ions .  The c a v i t y  melliwj a r i  t o t a l  
microstructural  evo lu t ion  of m s t  samples have beev observed z ~ i a  transmiss ion e l ec t ron  
microscopy on i d e n t i c a l  d i s k s  i rradiated s ide  by s ide  i n  jl??J?, and immersion d e n s i t i e s  have 
a l s o  been measured pr ior  t o  i n s e r t i o n  i n t o  FFTF/!OTA iVcrterials Open T e s t  Assembly of t h e  
Fast Flux T e s t  F a c i l i t y ) .  
! c y c l e s  5 and 61, s ide  by side wi th  d i s k s  of the  same mater ial  idhich were not previously  
i r rad ia ted  i n  HFIR. 
30 and 60 dpa. 

M i n i a t u r e  T e n s i l e  Tes t  Specimens f o r  Fusion Reactor  I r r a d i a t i o n  S tud ies  (Oak Ridge Na t i ona l  
Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 

used to determine i r rad ia ted  t e n s i l e  proper t i e s  f o r  a l l o y  development .for fusion reac tors .  
The t e n s i l e  proper t i e s  of t y p e  316 s t a i n l e s s  s t e e l  were determined wi th  t h e s e  d i f f e r e n t  
specimens, and t h e  r e s u l t s  Were compared. 
there  were diffeferences t h a t  led  t o  recononendations on which specimens are pre fer red .  

These d i s k s  are curren t l y  being i r rad ia ted  i n  t h e  F F T F / W T A  

These specimens have been div ided i l i to  two subse t s  f o r  d ischarges  a f t e r  

2.8 

Three m i n i n t u r e  sheet- type t e n s i l e  specimens and a miniature  rod- type specimen are  being 

Qeasonably pod agreement ijns observed. Yowevep, 

2.9 The Il.S./Japan C o l l a b o r a t i v e  T e s t i n g  Program i n  HFIR and O R R :  Specimen M a t r i c e s  f o r  HFIR 
I r r a d i a t i o n  (Oak Ridge Na t i ona l  Labora to ry  and Japan Atomic Energy Research I n s t i t u t e )  . . .  6 1  

The e i g h t  capsules  which c o n s t i t u t e  phase I of  t h e  U.S./Japan co l labora t ion  on HFIR 
i r r a d i a t i o n s  haw been inser t ed  i n  HFIR on schedule.  

2.10 Vanadium A l l o y  I r r a d i a t i o n  Test  M a t r i x  i n  FFTF (Oak Ridge Na t i ona l  Labo ra to r y )  . . . . . . .  6 3  

Vanadium specimens of PISCr-STi, VANSTAR-7, F 3 T i - I S i ,  and F 2 0 T i  are  being i r rad ia ted  
i n  t h e  FFTF-MOTA experiment.  
microscopy ITEM) d i s k s  were preimplanted With 3He t o  levels  up t o  480 a t .  ppm us ing  t h e  
t r i t i u m  t r ick  and encapsulated i n  TZM capsules containing 'Li. 
i r rad ia ted  t o  damage l e v e l s  up to 165 dpa wi th  i r r a d i a t i o n  temperatures of 420, 520 ,  and 
600OC. 
c y c l e  and had to be replaced.  

I r r a d i a t i o n  Exper iments f o r  t h e  U.S./Japan C o i l a b o r a t i v e  T e s t i n g  Program i n  HFIR and ORR 
(Oak Ridge Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6fi 

The assembly of a l l  e i g h t  capsules ,  HFIR JP-1 through JP-fl ,  has been completed, and they  

Miniature sheet  t e n s i l e  specimens and transmiss ion e l e c t r o n  

The specimens w i l l  be 

A l l  of t h e  capsules a t  fi0OoC underwent a temperature excurs ion during t h e i r  i n i t i a l  

2.11 

are  now being i r rad ia ted .  
ORR capsules  for 60°C and ZOO°C >MFE6-J were completed and t h e  capsule was i n ser t ed  i n  t h e  
ORR. Earformanee was s a t i s f a c t o r y  i n  a l l  r e s p e c t s .  

The par t s  f a b r i c a t i o n  assembly and f l o w  t e s t i n g  of t h e  pro to type  

v i  



3. PATH A ALLOY DEVELOPMENT - A U S T E N I T I C  STAINLESS STEELS . . . . . . . . . . . . . . . . . . . . . .  68 

3.1 

3.2 

3.3 

The Development of A u s t e n i t i c  S tee l s  f o r  Fast I n d u c e d- R a d i o a c t i v i t y  Decay 
(Oak Ridge Na t i ona l  Labo ra to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 

A program was s ta r t ed  t o  deuelop a u s t e n i t i c  s t e e l s  .fm f u s i o n  r eac to r s  i n  which t h e  

A f t e r  var ious  heat t rea tments ,  op t i ca l  
induced r a d i o a c t i v i t y  decays t o  low b3Vel,s i n  a r easonabk  t ime .  
Fe-Cr-Mn-C a l l o y s  were melted,  c a s t ,  and r o l l e d .  
microscopy s t u d i e s  and magnetic measurements were used t o  a s se s s  t he  micros truc tural  con- 
s t i t u e n t s  present .  

S w e l l i n g  Behavior  o f  T i tan ium - M o d i f i e d  A l l o y s  i n  EBR-I1 (Hanford Eng ineer ing  

Ten small bu t ton  heats  of 

Development Labo ra to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 

I t  appears t h a t  t i t an ium add i t i ons  t o  s t a i n l e s s  steels covering a wide compositional 
range around t h e  s p e c i f i c a t i o n s  of AIS1 316 r e s u l t  a l y  i n  an increased de lay  period be fore  
neutron-induced void swel l ing  proceeds. Once swel l ing  i s  i n i t i a t e d  t h e  pos t- t rans i en t  beha- 
v i o r  of both annealed and cold-worked t i tanium-modif ied steels is q u i t e  cons i s t en t  w i th  t h a t  
of AISI 316,  approaching a r e l a t i v e l y  temperature- independent swel l ing  r a t e  of -1% per dpa. 

S w e l l i n g  o f  Fe-Cr-Mn Ternary A l l o y s  i n  FFTF (Hanford  Eng inee r i ng  Development Labo ra to ry )  . . 81 

The swel l ing  of e i g h t  simple Fe-Mn binary and Fe-Cr-Mn ternary  a l l o y s  has been measured 

The swel l ing  of t he se  a l l o y s  dmreases  w i th  manganese but  e x h i b i t s  
by an h e r s i o n  d e n s i t y  technigue a f t e r  i r rad ia t i on  a t  -:j20°C t o  3.2 x 

E > 0.1 MeV, or -15 dpa. 
a dependence a manganese content  t h a t  i s  weaker than t h a t  of n i cke l  i n  Fe-Cr-Ni a l l o y s .  The 
dependence a chromium w even weaker, i n  sharp contras t  to t h e  behavior observed i n  Fe-Cr-Ni 
a l l o y s .  

n/crn2, 

The addi t ion  of o ther  so lu t e s  a l s o  decreases t he  swel l ing .  

4. PATH B ALLOY DEVELOPMENT- HIGHER STRENGTH Fe-Ni-Cr ALLOYS . . . . . . . . . . . . . . . . . . . .  83 

5. PATH C ALLOY DEVELOPMENT - REACTIVE AND REFRACTORY ALLOYS . . . . . . . . . . . . . . . . . . . . .  84 

(Argonne Na t i ona l  Labo ra to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
5.1 So lu te  Segregat ion  and Void Format ion i n  I o n - I r r a d i a t e d  Vanadium-Base A l l o y s  

The mdia t ion- induced  segregation of so lu t e  atoms i i z  t h e  V-150-STi  a l l o y s  Was de t e r-  
mined a f t e r  e i t h e r  s ingle-  dual- ,  or  helium implantat ion fol lowed by s ingle- ion  i r rad ia t i on  
a t  72SDC t o  m d i a t i o n  damage l e v e l s  mng ing  f rom 103 t o  169 dpa. Also,  t h e  e f f e c t  o f  i r ra-  
d i a t i o n  temperature I60D-75O0CI on t h e  microstructure i n  t h e  V - 1 5 C r - 5 T i  a l l o y  was determined 
a f t e r  s ingle- ion  i r rad ia t i on  t o  200 and 300 dpa. 
s i ng l e-  and dual- ion i r m d i a t e d  a l l o y  showed t h a t  t he  simultaneous production o f  i r rad ia t i on  
damage and depos i t ion  of helium re su l t ed  i n  enhanced dep l e t i on  of C r  so lu t e  and enrichment of 
T i ,  C and S so lu t e  i n  t he  near- surface l ayer s  of i r rad ia t ed  specimens. The observations of 
t h e  irradiation-damaged micros truc tures  i n  V-15 C r - S T i  specimens showed an absence of voids 
f o r  i r rad ia t i ons  of t he  a l l o y  a t  fiOD-75O0C t o  200 dpa an3 a t  725OC t o  300 dpa. 
e f f e c t  a t h e  microstructure of t he se  i r rad ia t i ons  was t o  induce t h e  formation of a high 
d e n s i t y  of d i s c- l i k e  p r e c i p i t a t e s  i n  t h e  v i c i n i t y  of grain boundaries and i n t r i n s i c  p rec ip i-  
t a t e s  and on t he  d i s loca t ion  etructuz-e. 

The so lu t e  segregation r e s u l t s  f o r  t h e  

The p r inc ip l e  

5.2 R a d i a t i o n  E f fec t s  i n  Vanadium A l l o y s  i n  Fusion Reactor Environments 
(Argonne Na t i ona l  Labo ra to ry  and U n i v e r s i t y  o f  M i s s o u r i ,  R o l l a )  . . . . . . . . . . . . . . .  

Void and d i s l o c a t i o n  s ink  s t r eng ths  along wi th  t he  net  b ias  

The rmximum r a t e  i s  predic ted  to  be 

9 1  

The m e t l i n g  bshavior of neutron i rradia ted  vanadium has been modelled t o  e s t a b l i s h  t he  
t h e o r e t i c a l  l imi t s  f o r  swel l ing .  
f a c t o r s  f o r  vacancies and i n t e r s t i t i a l 8  have been ca lcu la ted .  
bined t o  p r e d i c t  t h e  mximum steady s t a t e  swel l ing  m t e .  
about O.Z%/dpa which is c lose  t o  t h e  value ca lcu la ted  f o r  f e r r i t i c  s t e e l s  and about a f a c t o r  
o f  seven lower than f o r  a u s t e n i t i c  s t a i n l e s s  s t e e l s .  Th i s  value i s  a l s o  cons i s t en t  w i th  t he  
l i m i t e d  i r rad ia t i on  data f o r  vanadium. 

The E f f e c t  of Helium on t h e  T e n s i l e  P r o p e r t i e s  of Several  Vanadium A l l o y s  
(Oak Ridge Na t i ona l  Labo ra to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 

These f a c t o r s  have been com- 

5.3 

Specimens of t h ree  vanadium a l l o y s  were implanted w i th  d i f f e r e n t  l e v e l s  of 3He using t h e  
t r i t i u m  t r i c k  and subsequently  t e n s i l e  t e s t e d  a t  e levated  temperatures.  
P3T i - IS i  specimens were embri t t led  by 3He a t  a l e v e l  o?" 150 a t .  ppm whi le  t h e  VANSTAR-7 
specimens were not .  The embrit t lement  appeared t o  be caused by ex t ens i ve  3He bubble networks 
and pos s ib l y  p r e c i p i t a t e  p a r t i c l e s  on t he  grain boundaries; hopefu l ly  t h e  bubble d i s t r i b u t i o n  

The F I S C r S T i  and 

v i i  



can he changed ( f o r  b e t t e r  ,s imulat ion)  by altering parnmetar.9 o,f t h e  tritium t r i c k .  
r e s u l t s  of the  i w e s t i p t i o n  a l s o  show t h a t  t he  embrittlement resistance of‘ vanadium ?:toys 
can be improved by adjustmenr o,f t h e i r  composition and/or microstructure.  

?e 

5.4 Tens i l e  P r o p e r t i e s  of He l i um- In j ec ted  V-15Cr-5Ti A f t e r  I r r a d i a t i o n  i n  EBR-11 
(Oak Ridge Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 

.Miniature specimens of ‘ r 1 5 C r S T i  were prepared i n  t he  amea led  condi t ion  and g ~ i t h  10, 
2 0 ,  and 307” cold work. The annealed specimens Were cyc lo tron  i n j ec t ed  wi th  helium m d  irra- 
diated in sodium i n  EBR-II. 
helium i n j e c t e d .  The specimens were i r r a d i a t e d  a t  400, ,525, 625, orid 700°C and rece ived  n 
f l u e m ~  of 4 .1  to 5.5 x 1026 neutrons/m2 i r  > 0.1 , v eV/ .  
n i f i c a v t  embrit t lewent  as n. r e s u l t  of t he  neutrm i r rad ia t i on  b u t  n much smaller c h a n ~ s ,  
mostly a t  400°c, resultiy from helium i n j e c t i o n .  

The cold-worked specimens were i r rad ia t ed  i n  EBR-I1  but  not 

 ensile t e s t i n g  reuealed verg xi?- 

6. INNflVATIVE MATERIAL CONCEPTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104 

7. PRTH E ALLOY DEVELOPMENT - FERRITIC STEELS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IO5 

7.1 Charpy Impact Test  Resu l t s  of F e r r i t i c  R l l o y s  a t  a Fluence o f  6 x IO2* n/cm2 
(Westinghouse Hanford Company) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 

Charpy inpact  t es t s  un specimens i n  t h e  Ad- 2 r e c o n s t i t u t i o n  ezperiment m r e  completel’. 
O m  hundred and t e n  specimens m d e  gf UT-9 base metnl. 8 C r - 1  Uo base metal and 9 C r - I  
weldment at various heat treatment condi t ions  Were tested in temperature range f rom - 7 3 0 ~  t o  
250OC. 
reached 6 x 

a l l o y s  at high j3uence was obtained.  
on t he  i rradia ted  9 Cr-1 Mo weldment are ava i lab l e .  

metal i r radia ted  at 390°C awl 4 5 P C  as the  f luewe  was raised to fi x lo2* .i/cm2. 
i r r a d i a t i o n  temperatures,  howeiier, the  s h i f t  i.1 t r a m i t i o n  temperatiire is less  conclusive. 
F u r t h e ?  redziction in LEG m a  observed a t  h i g h e r  f 7 u m c e  fo r  all. t h e  i r rnd ia t ion  tempsr i tures .  
There i s  no apparent f l u e n c e  effect foor 9 Cr-1 ‘do base metal n t  a l l  t he  irradiation t m -  
peratures  s t ud i ed .  

shous a higher t r a n s i t i o n  temperature (+6OoC) and a higher U S E  (+loo%) a s  compared to the 
9 C r - I  Mo base metal f o r  t h e  snme i r r a d i a t i o n  conditions. 

S i g n i f i c a n t  Gnprovement of both DBTT and IISF 017 HT-9 base metcl specimens fabricated 
.from normalized and tempered p l a t e  s tock was observed over  t h e  UT-9 base metal specimeqs 
f abr i ca t ed  from mill-annealed bar s tock .  

390OC. 
sa turated  a t  6 x lo2’ n/cm2. 
hand, is 91OC f o r  t h e  mltiment and 45OC f o r  base ,metal both i m o d i o t e d  a t  s9O0C. 

Ef fec t  of N i c k e l  Content  on t h e  Aging and I r r a d i a t i o n  Response of Impact P r o p e r t i e s  of 
9 Cr-1 MoVNb and 12 Cr- l  MoVW i n  t h e  Absence of I n t e r n a l  Hel ium E f f e c t s  
( O a k  Ridge Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1211 

The specimens were i r radia ted  from 3.9OoC t o  5S f loC  and t he  f luence  of the  specimens 
n/cm2. This  i s  t h e  first time t h a t  the t m i n s i t i o n  behavior of ferritic 

This  is a l s o  the  first time t h a t  comprehensive resz l t s  

The t e s t  resul ts  shoiJ a small additional s h i f t  i n  t r a n s i t i o n  temperature f o r  HT-5 base 
A t  h i j h a r  

Contrary t o  the prev ious  f i n d i n g  on HT-9 base metal nnd weldment, t he  9 C r - 1  MO weldment 

Overall, t he  h ighes t  DBTT encomted f o r  UT-9 a l l o y s  i s  1 4 l o C  fo r  specimens i rradia ted  a t  
The e f f e c t  on t r a n s i t i o n  temperature due t o  addi t ional  w u t r o n  exposure appear; to he 

The  h ighes t  DBTT encouyted for 9 C r- I  .Ilo a l l o y s ,  on t he  o t h e r  

7.2  

Impact t e s t k g  irus completed on aged and E B R- I I  i r rad ia t ed  9 Cr-l,%V,Vb and 12 ??-I ‘YoVW 
O w l y  l i m i t e d  property c h a n p s  s t e e l s ,  each w i t h  arid imitkotut small addi t ions  of n i c k e l .  

r e s u l t e d  f r o m  a g i r g  or i r r a d i a t i v g  t o  I ?  ?pa i n  t h e  tempera iure range of 450OC to 5 5 3 T .  
I r rad ia t i on  of the  12 C r - 1  nloVW a t  39OoC w i t h  an? 8,iithoiit ‘7 cki.1 produced s e ~ e r e  degradation 
of inpact p roper t i e s .  
subsequent radiation-induced channes were s im i la r  regardless  of n i c k e l  content. 

Yicke l  addi t ions  a f f ec t ed  t h e  unirradiated material  p roper t i e s ,  but 

7.3 E f f e c t s  o f  I r r a d i a t i o n  on Low A c t i v a t i o n  F e r r i t i c  A l l o y s  (Hanford Eng inee r i ng  nevelopment 
L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1?R 

rl series of  low ac t i va t i on  f e r r i t i c  a l l o y s  has heen designed,  . fabricated,  i m a d i o t e d  i n  
MOTA 16, and t e s t e d  and ezamined fo l lowing  i r rad ia t i on .  
to 2 1 / 4  Cr-1  Mo wi th  uanadiim suhs t i t u t ed  ,for molybdenum, n l l o y s  s im i la r  t o  9 C r - 1  ‘4.0 w i t h  
t u - p t e n  and/or vanadium subs t i t u t ed  f o r  molybdenum and all.oys s im i la r  to iiT-9 with tl(?gsten 
and/or vanadium subs t i t u t ed  f o r  molyhdenum. 
a l l o y s  can be success/Atly produced in t he  f e r r i t i c  a l l o y  c las s .  
l op  excess ive  i r rad ia t i on  harderiivg due to p r e c i p i t n t i o n  fo l lowing  irradiation a t  4 2 0 o C  an? 
t h e  2 1 / 4  Cr-V and 9 Cr-V/w a l l o y s  deeueloped excess ive  softeqiy due t o  p r e c i p i t a t e  roar- 
seniqg and d is locnt io*  recovery followi?g i r m d i a t i o r i  a t  5 8 5 ° C .  

The ser ies  consis ts  of a l l o y s  s i m i l w  

‘%e r e s u l t s  demonstrate t h a t  low a c t i v a t i o n  
The 2 1 / 4  Cr-V a l l o ~ s  &,>e- 

In comparison, the  12 9 - P I - V  

v i i i  



a l l o y  appears t o  have excelleet proper t i e s ;  Q' p r e c i p i t a t i o n  a t  420OC in- reactor d id  not 
s i g n i f i c a n t l y  increase s t rength  and reasonable s t r eng th  m s  maintained a f t e r  i r rad ia t i on  u t  
585°C probably i n  part due t o  i n t e r m e t a l l i c  p r e c i p i t a t e  d,svetopment. 

7.4 The Development o f  F e r r i t i c  S t e e l s  f o r  Fas t  I nduced- Rad ioac t i v i t y  necay 
(Oak Ridge Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141 

Tempering s tud i e s  were conducted on e igh t  heats  of normalized chromium-tungsten s t e e l  
t h a t  contained var ia t i ons  in t he  composition of chromium, tungs ten ,  vanadium, and tantalum. 
iiardness measurements aqd op t i ca l  nietallographic observat ions  were used t o  determine a l l o g i n y  
e f f e c t s  on tempering r e s i s t ance  between fi.50 t o  780OC. The r e s u l t s  were compared t o  r e s u l t s  
f o r  analogous chromium-molybdenum s t e e l s .  

7.5 Rapid S o l i d i f i c a t i o n  of Candidate F e r r i t i c  S tee l s  (Mas8ac:husetts I n s t i t u t e  o f  Technology 
and I n d u s t r i a l  M a t e r i a l s  Technology) . . . . . . . . .  ,, . . . . . . . . . . . . . . . . . .  147 

process and 2 1/4 C r- I  Yo s t e e l  ms prepared bg t he  u l t r a s o n i c  gas atomization I U S G A )  pro- 
c e s s .  
segregation.  
w i l l  be compared wi th  those  f o r  conventionally  processed a l l o y s .  

HT-9 and 9 Cr- 1  Mo steel.5 were rapid ly  s o l i d i f i e d  b;i t he  l i q u i d  dyiynamic compaction ( L D C I  

The consoZidation was performed i n  t he  f e r r i t i c  temperature mnge  i n  order t o  minimize 
The aZZo?#s w i l l  he t e s t e d  a t  ORNL using I/:i CVV t e s t  specimens and t he  resu l t s  

7.6 Po isson 's  R a t i o  Measurements of M a r t e n s i t i c  S t a i n l e s s  S t e e l s  
(Westinghouse Hanford Company) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  152 

Poisson's m t i o  meaSitrements using an u l t ra son i c  te,?hnique over t he  temperature mnge  
room temperature t o  600OC ape reported fo r  UT-9. As much as a 0.1 var ia t i on  is found a6 a 
r e s u l t  of specimen or i en ta t i on .  
concluded t h a t  such var ia t i ons  are common and ape not due t u  o r i en ta t i on  e f f e c t s .  Further 
measurements w i l l  be needed before n design equation f o r  t h e  MHFE'S con be generated. 

Yowever, brised on comparisons from the  l i t e r a t u r e ,  it i s  

7.7 E f f ec t s  of I r r a d i a t i o n  on t h e  F rac tu re  Toughness o f  HT-9 (Westinghouse Hanford Company) . . .  15h 

Compact t ens ion  specimens of IiT-9 i r radia ted  a t  ,390, 450 and 50OoC were t e s t e d  a t  .90, 
205 and 450OC. 
n i f i c a n t  e f f e c t s  on t he  f r a c t u r e  toughness of "7-9. 
s u b s t a n t i a l l y  w i th  increasing i r rad ia t i on  temperature.  
205OC where a toughness trough ms observed f o r  unirradia ted  HT-9 remained unchanged after 
i r r a d i a t i o n  t o  a f l uence  of 5 . 5  x 

Tes t  r e s ~ ~ l t s  showed t h a t  both t e s t  and i r r a d i a t i o n  temperatures have i n s ig-  
Houever, t he  tear ing  modulus increases 

In add i t i on ,  the  toughness of i T - 9  a t  

??/em2. 

7.8 M i c r o s t r u c t u r a l  Examinat ion o f  Several Commercial A l l o y s  Neutron I r r a d i a t e d  t o  100 DPA 
(Westinghouse Hanford Company) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  161 

Microstructural  examination of f e r r i t i c  and aus ten: t ic  c o m m c i a l  a l l o y s  neutron 
i r rad ia t ed  t o  -100 dpa confirms t ha t  f e r r i t i c  a l l o y s  am! very low m e l l i n y  but  p r e c i p i t a t e  
development can be very complex. Aus t en i t i o  a l l o y s  con he very high swell ing but  no c l e a r l y  
de f ined  micros truc tural  d i f f e r e n c e s  could he found between two a l l o y s  of s im i la r  composition 
hut very  different s w e t l i - z g  response OF between a l l o y s  (of very d i f f e r e n t  composition but wi th  
s h i t a r  swelling. Dif ferences  ore ascribed t o  differences in the onset of swelling. 

8. COPPER AND I T S  ALLOYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  170 

8.1 Response o f  Se lec ted  High S t reng th  High C o n d u c t i v i t y  Copper A l l o y s  t o  S imula ted  
Fus ion  I r r a d i a t i o n  and Temperature Cond i t i ons  (Westinghouse REP Center  and U n i v e r s i t y  o f  
P i t t s b u r g h  and Mcnonnell  Douglas Company] . . . . . . . . . . . . . . . . . . . . . . . . . .  171 

Microstructural  channes are reported for a s o l i d  s o l u t i o n  cold uork strengthened a l l o y  
I A ! 4 Z I R C I ,  a p r e c i p i t a t i o n  strengthened alloy ( B e r y l l i u m  Copper) and i~ dispers ion  hardened 
a l l o y  ( A I - f i O l  a f t e r  dual ion i r rad ia t i on  a t  ,fluenee8 t o  -5 dpa a t  45f1°C and 50OoC. 
AtVZIRC and AI-60 a l l o y s  are f rom the  same heats  being examined b!i LANL in a E B R- 1 1  neutron 
i r r a d i a t i o n  program. Void .welZiqg a t  a l e v e l  of - 1-5% per dpa is observed i n  se lec ted  areas 
of t he  AMZIRC a l l o y  t h a t  have experienced t e x t u r e  dependent recovery by d i s l o c a t i o n  annih i la-  
t i o n  and rearrangement. 
observed i n  t he  IVESCO supplied hery l l ium copper a l l o y .  
s t a b l e  and t h e  m i s f i t  s t r a i n s  a t  the  i n t e r f a c e s  hetweer! t h e  A 1 2 0 3  p a r t i c l e s  a d  t he  Cu rmtrix 
a re  r e ta ined .  
( p e l  iminarg I a l l o ! ~  ,modif icat ions f o r  f u t u r e  neutron i r rad ia t i on  ezperiments .  

T h e  

Coarsening of t he  G.P. zones nnd accelerated p r e c i p i t a t e  growth are 
The mechanically a l loyed  A I - 6 0  iS 

These r e s u l t s  are used t o  extend a proposed t e s t  matrkc and t o  suggest  

i x  



8.2 E f fec ts  of Neutron I r r a d i a t i o n  a t  450°C and 16 dpa on t h e  P r o p e r t i e s  o f  Var ious  Commercial 
Copper A l l o y s  (Hanford Eng ineer ing  Development Labo ra to r y )  . . . . . . . . . . . . . . . . .  

High-purity copper and e i g h t  copper a l l o y s  were i rradia ted  t o  -16 dpa a t  -45D°C in t he  
MOTA experiment i n  FFTF.  These a l l o y s  were a l s o  examined a f t e r  aging a t  4 0 P C  f o r  1000 
hours. The mdia t ion- induced  changes i n  t h e  e l e c t r i c a l  conduc t iu i t y ,  t e n s i l e  p roper t i e s  and 
d e n s i t y  were measured and compared t o  those o f  t he  aged mater ia ls .  The changes i n  conduc- 
t i v i t y  mn be e i t h e r  p o s i t i v e  or  negat ive  depending on the  a l l o y .  
t i e s  of mst, but  not a l l ,  of t h e  a l l o y s  seem t o  be pr imar i ly  dependent on thermal e f f e c t s  
ra ther  than t h e  e f f e c t  of atomic displacements.  
s i t y  varying from 0.66% d e n s i f i c a t i o n  t o  16.6% swel l ing .  
and impl ies  a swel l ing  m t e  of a t  l e a s t  1%/dpa. 

Changes i n  t e n s i l e  proper- 

-Dadintion a t  4SO0C induced changes i n  den- 
The l a t t e r  occurred i n  Cu-0.13. Ag 

9. MATERIALS COMPATIBILITY AND HYDROGEN PERMEATION STUDIES . . . . . . . . . . . . . . . . . . . . .  
9.1 Co r ros i on  o f  Low A c t i v a t i o n  A u s t e n i t i c  A l l o y s  and Standard Fe-12 C r - 1  MoVW S t e e l  i n  Thermal ly  

Convec t ive  L i t h i u m  (flak Ridge Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . .  
Manganese-containing s t e e l s  115-30 w t  % I  experienced subs tan t ia l  corrosion when ezposed 

t o  thermally convec t ive  l i t h i u m  a t  SODOC with  t he  30 wt % Mn s t e e l s  showing unacceptably high 
corrosion l o s s e s .  
c a n t l y  l e s s  than t h a t  of t y p e  316 s t a i n l e s s  s t e e l  exposed under s im i la r  condi t ions .  

The m s s  t rans f e r  of 12 C r- I  UoVW s t e e l  a t  600oC i n  l i t h i u m  was s i g n i f i -  

9.2 Co r ros i on  of Type 31fi S t a i n l e s s  S tee l  and 12 Cr-1 MoVW S t e e l  i n  F lowinq  P b 1 7  a t .  4, L i  
(Oak Ridge Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Type 316 s t a i n l e s s  s t e e l  and 12 Cr-1  MoVW s t e e l  were exposed t o  Fb17 a t .  % Li f o r  about 
2000 h a t  SOO°C. 
t h e  a l l oy  by lead- l i th ium.  
uni formly .  

Type 316 s t a i n l e s s  s t e e l  was severe ly  c o r r d e d  w i th  deep penetra t ion  o f  
The 12 Cr-1 UoVW s t e e l  did not s u f f e r  penetra t ion  and corroded 

9.3  Environmental  E f fec ts  on P r o p e r t i e s  of S t r u c t u r a l  A l l o y s  i n  F low ing  L i t h i u m  
(Argonne Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Data on t h e  surface composition of type  316 s t a i n l e s s  s t e e l  exposed t o  l i t h i u m  under 
var ious  condi t ions  of t ime ,  temperature,  and n i t rogen  content  i n  l i t h i u m  are presented .  
r e s u l t s  i nd i ca t e  t h a t  t he  dep l e t i on  of ahromim from the  s t e e l  depends on t h e  exposure con- 
d i t i o n s .  

The 

The dep l e t i on  of n i cke l  i s  rapid and independent of temperature awd l i t h i u m  p u r i t y .  

9.4 C o m p a t i b i l i t y  of L i 2 0  i n  a F lowing  Hel ium Environment (Argonne Na t i ona l  Labo ra to r y )  . . . . .  
Sin tered  Li20 p e l l e t s  exposed to f lowing hel ium containing 2 ppm each of X20 and H2 show 

weight l o s s e s  a t  ,550 and 65O0C and a weight gain a t  450OC. 
orders of mgn i tude  greater  than those  predic ted  f rom equ i l i b r ium  reac t i on  k i n e t i c s .  

The ra te8  of weight loss are -3 

9.5 Environmental  E f f ec t s  on t h e  P r o p e r t i e s  of Vanadium-Base A l l o y s  
(Argonne Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Erposures of V-1SCr-STi, V-ZOTi, and VANSTAR-7 specimens f o r  2000 h t o  pressur ized  
f lowing  m t e r  containing 4 ppm d isso lved  O2 a t  2 8 R Y  have been completed. 
and VANSTAR-7 a l l o y s  formed nonadherent and nonprotec t ive  corrosion products ,  and both a l l o y s  
exh ib i t ed  r e l a t i v e l y  high corrosion r a t e s .  The V-15Cr-5Ti  a l l o y  formed a t h i n  adherent f i l m ,  
and its corrosion m t e  was more than two orders of m g n i t u d e  lower. Further r e s u l t s  obtained 
i n  a scanning Auger microprobe study of s u l f u r  segregation i n  vanadium-base a l l o y s  i nd i ca t e  
t h a t  t h e  ex t en t  of in tergranular  segregation var i e s  m r k e d l y  w i t h  d i f f e r e n t  heats  o f  m t e r i a l .  

Boundary P r e c i p i t a t i o n  (Oak Ridge Na t i ona l  Labo ra to r y )  . . . . . . . . . . . . . . . . . . .  

Both t he  V-2OTi 

9.6 S t ress  Co r ros i on  Crack ing  of  PCA - I n i t i a l  Cons ide ra t i ons  and C h a r a c t e r i z a t i o n  o f  G ra i n  

According t o  a thermodynamic model of in tergranular  s t r e s s  corrosion crack ing ,  E A  iS 
predic ted  t o  have about t he  same cracking s u s c e p t i b i l i t y  as  t ype  316 s t a i n l e s s  s t e e l .  
However, m i c r o s t m c t u r a l  m n i p u l a t i o n  of t h e  E A  a l l o y  my allow improvement i n  t h e  
r e s i s t ance  t o  s e n s i t i z a t i a  and, t h e r e f o r e ,  t o  in tergranular  s t r e s s  corrosion cracking.  
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