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Subs tant ia l  progress has been m d e  towards reducing t he  backlog o f  data p y e s  with 

In  add i t i on ,  the  handbook now has 

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

t h e  re lease  of t he  t en th  and e leventh  data packages. 
t h e  capab i l i t y  of t o t a l  computer generation of data pages with a q u a l i t y  su i t ab l e  f o r  
p r in t i ng .  
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The specimens contained i n  t he  ORR-M.cE-4A experiment have operated f o r  a t o t a l  of 
1077 d a t  30 MCI reac tor  power with temperatures of 350 and 400°C. 
i n  t he  ORR-MFE-4B experiment have operated f o r  an equivalent  of 916 d at  30 hW reac tor  
power lthrough March 2 4 ,  19851 with temperatures of 500 and 600OC. 

2.1 O p e r a t i o n  o f  t h e  O R R  S p e c t r a l  T a i l o r i n g  Exper iments O R K- M F E- 4 A  AND - 48 (Oak Ridge 

The specimens contained 

2.2 I r r a d i a t i o n  Exper iments f o r  The U.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  HFIK 
and ORR (Oak Ridge N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . .  

The assembly of JP-7 and -8 lias completed. Capsules JP-2 through -8 are being i r r a-  
d ia t ed  i n  t he  HFIR. 
100 M4 reac tor  power. 

nearing completion. 
March. 

Capsule JP- I  completed i t s  i r r a d i a t i o n  f o r  a t o t a l  of 336.40 d a t  

The assembly of IdFE-7J i s  The f abr i ca t i on  and assembly of ORR-MFti-6J are i n  progress.  
The specimens are expected t o  be de l ivered  f o r  loading by t he  end of 
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The f i r s t  U.S./Japan HFIR capsule,  JP-I, has completed i t s  i r rad ia t i on  campaip  and 
i s  cooling down. 
Laboratory, Inc .  ( J E O L l  JEM-20OOFX microscope has been de l ivered  t o  ORNL and i s  
operat ional .  

Preparations f o r  PIt i  are under m y .  The ne@ Japan Electron Optical 

2.4 D e s c r i p t i o n  o f  t h e  U.S./Japan S p e c t r a l  T a i l o r i n g  Exper iment  i n  ORR (Oak Ridge N a t i o n a l  
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ORR a8 a p r t  of the  U.S./Japan program of col laborat ive  t e s t i n g  i n  mized-spectrum f i s s i o n  
r eac to r s .  The t e s t  mtAz inc ludes  conventional 1J.S. and Japanese s t ruc tu ra l  a l l o y s  p lu s  u 
wide m r i e t y  of research a l l oy s  t ha t  lead t o  (1 h s i c  understanding of a l loy  response t o  the  
fufusion reac tor  environment. 

2.5 N e u t r o n i c s  C a l c u l a t i o n s  i n  Support  o f  t h e  ORR-MFE-4A and -48 S p e c t r a l  T a i l o r i n g  
Exper iments  (Oak Ridge N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . .  

The calculated f l uences  from the  ongoing three-dimensional neutronics ca lcu la t ions  are 
being scaled t o  agree with ezperimental data. A8  of March 32, 1985, t h i s  treatment y i e l d s  
201.9 a t .  ppm He (not  inc luding  2.0 a t .  ppm He from ' O B 1  and 13.19 dpa for t ype  316 
stainless s t e e l  in ORR-MFE-4A arid 155.9 a t .  ppm He and 10.60 dpa i n  ORR-MPE-4B. 

2.6 Neutron Dos imet ry  and Damage C a l c u l a t i o n s  f o r  t h e  HFIR-CTR-30, -36, and -46 Exper iments 
(Argonne N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dosimetry measurements and damge ca l cu la t i ons  have been completed f o r  t he  CTR 30, 
36, and 46 experiments i n  HFIR. 
wi th  f l uences  of 1 . 9 5 ~ 1 0 ~ ~ n / c m ~  and 1 . 6 1 ~ 1 O ~ ~ n / c m ~ ,  r e spec t i ve l y .  
on the  RE:! and T3 experiments i n  HFIK and a prototype of the  Japanese experiments i n  
OHR. 

CTR 30 and 36 have the  h ighes t  exposures seen t o  date  
Work i s  i n  progress 
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Various m p i d l y  s o l i d i f i e d  a u s t e n i t i c ,  f e r r i t i c  and copper a l l o y s  have been produced 
a t  MrlT f o r  i n c l u s i o n  i n  ADIP neutron i r r a d i a t i o n  ezperiments.  
a l l o y s  and t h e i r  preparation and the achieved or projected i r r a d i a t i o n  parameters is 
provided. 
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T e s t  F a c i l i t y  (West inghouse Hanfo rd  Company) . . . . . . . . . . . . . . . . . . . . . . .  
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MOTA Cycles I A  and IA. 

3. AUSTENITIC STAINLESS STEELS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.1 Minor  Compos i t iona l  V a r i a t i o n s  of t h e  A u s t e n i t i c  PCA t o  E x p l o r e  MC Format ion  and S t a b i l i t y  

C h a r a c t e r i s t i c s  f o r  I inproved R a d i a t i o n  R e s i s t a n c e  (Oak Ridge N a t i o n a l  L a b o r a t o r y  and Japan 
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The or ig ina l  E A  e s c l u s i v e l y  forms K carbides i n  t h e  mtrir and grain boundaries 
during short- term aging, with a small amount of Laves appearing a t  longer  t imes .  
phase shows a surpr i s ing ly  high s o l u b i l i t y  f o r  chromiuv. 
which w r y  C, Si, Mo, and Ti a l l o y  concentratiows toge ther  w i th  F and Nh add i t ions .  
So lu t iondnnea led  fSA)  a l l o y s  wi th  ( T i  t Nbl, or Nb a d  lower Si l e u e l s ,  exh ib i t ed  $'rain 
boundary /E f o r m t i o n  a f t e r  166 h at BOUOC, whereas other  alloys formed only coarse , '423C6. 
None formed i n t e r m e t a l l i c s .  A l l o y s  wi th  s tab le  ~ a i n  bouedaary MC formation in the  S A  coc- 
d i t i o n  showed e x c e l l e n t  re s i s tance  t o  r e c r y s t a l l i z a t i o n  wher: cold worked ( C W I .  
phase composition w s  q u i t e  s e n s i t i v e  t o  a l l o y i r 3  c h a n p s ;  combimtions  of Nb, C, ami P 
a l loy ing  add i t ions  lowered t h e  iMo + C r )  content of the  Ti-rich MC phase, p a r t i c u l a r l y  i r i  

smll p r t i c l e s .  

500 ANU 600°C TO 19 dpa (Oak Ridge N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . .  
The 18Cr/23Mn/4Ni s t e e l  ihent IP-838, m d e  ava i lab le  through an eschange wi th  the  

The X 
S m a l l  laboratory mel ts  were nude 

The IIC 

3.2 M i c r o s t r u c t u r a l  Development i n  Manganese- Stab i l i zed  A u s t e n i t i c  S t e e l  I r r a d i a t e d  i n  HFIR a t  

Sov ie t  Union) WIS i r rad ia ted  i n  H F I K  t o  19 dpa and 220 u t .  ppm He. 
d i spers ion  of voids f ? l Y  rim i n  d iameter)  developed a t  500°C, but none formed a t  GODOC. 
Many f i n e  (2.5-6 nm i n  d iameter)  m t r i x  bubbles were a l s o  observed a t  both temperatures.  
dense t a n j l e  of d i s l o c a t i m  netuork and F r a n k  loops m s  observed a t  500°C, but 0'113 loose 
rietijork w s  found a t  600°C. There w s  considerable p r e c i p i t a t i o n  a t  600°C, but nuch l e s s  
a t  50OOC. 
peratiures, hut 7ang  meiz?-um-coarse l a t h s  iprobablg Lavesi were found i n  t h e  mtrir a t  600°C, 
whereas o n l y  some fine p u r t i c l e s  (probably ,MC) were found a t  SODOC. 

A s p a t i a l l y  nommi form 

A 

Coarse :dZ3C6,,and/or ,M6C were found along subcjrain boundaries a t  both tem- 
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a l l o y s  by the  mechanism of rnd in t ion  hardening. The VANSTAR-7 and V-3Ti-lSi  a l l o y s  
r e s i s t e d  the  embr i t t l i ng  e f f e c t s  of i r r a d i a t i o n  b e t t e r  than t h e  V-15Cr-STi a l l o y ,  
regardless  of t h e  implanted helium l e v e l .  Control specimens of a l l  three  a l l o y s  were not 
appreciably a f f e c t e d  by t h e r m 1  aging in JLi at t h e  respec t i ve  i r r a d i a t i o n  temperatures.  
The mzchavism causin3 t h e  low d u c t i l i t y  and transgranular cleavage f r a c t u r e  i n  one 
V-15Cr-STi specimen without implanted helium requ i res  f u r t h e r  i n v e s t i g a t i o n .  
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Fe-25Ni-15Cr a l l o y ,  f e r r i t i c  s t e e l s ,  and copper on neutron i r r a d i a t i o n  is compared wi th  
t h e  swel l ing f o r  these  m t e r i a l s  on ion  i r r a d i a t i o n  i n  t h i s  repor t .  
comparison are taken t o  show t h a t  u t i l i z a t i o n  of the  ion- i r rad ia t ion  technique provides 
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TEM d i s k s  Were prepared from t e s t ed  Charpy-V specimens of Alloy HT-9 and Modified 
9Cr-1Mo which had been i r rad ia t ed  a t  14YC t o  -0.8 x Emmination 
o f  t he se  d i s k s  showed t h a t  the  i r m d i a t i o n  had produced small de f ec t  c l u s t e r s ,  <IO m i n  
diameter,  i n  both a l l oy s .  These de f ec t  c l u s t e r s  Were t he  apparent source of t he  hardening 
and thus  t he  s h i f t  i n  d u c t i l e - b r i t t l e  t r a n s i t i o n  temperature prev ious ly  observed f o r  t he se  
mater ia ls .  

n/cm2, E > 0.1 MeV. 

No change8 i r i  p r ec ip i t a t e  s t ruc tu re  could be observed f o r  e i t h e r  a l l oy .  

7.2 M i c r o s t r u c t u r a l  / M i  crocomposi t i  ona l  A n a l y s i  5 of Normal i red-and-Tempered 9Cr-1MoVNb and . . . . . . . .  12Cr-1MoVW S t e e l s  Uoped With 2 w t  % N i c k e l  (Oak Ridge N a t i o n a l  L a b o r a t o r y )  74 

Normalized-and-tempered SCr-l,VoVNb and l2Cr-IMoVW s t e e l s  are tempered rmrtens i te  t h a t  
have recovered f e r r i t e  subgrain s t ruc tu re s  with M 
t i o n s .  The 12Cr s tee2 has m r e  p r e c i p i t a t e ,  whici zs almost e zc lu s i ve l y  M23C6; t he  9Cr 
s t e e l  has l e s s  p r e c i p i t a t i o n ,  but a larger f r a c t i o n  of f i n e  Mc. Both s t e e l s  doped with 
2 ut % N i  have m r e  re f ined  p r e c i p i t a t e  and/or subgrain s t ruc tu re s  and higher d i s loca t ion  
concentra t ions ,  but these  changes are cons is ten t  with t h e i r  lower tempering temperatures 
r e l a t i v e  t o  undoped rmte r ia l s .  
observed IM2?C6 and K )  or t he  r e l a t i v e  phase f r a c t i o n s ,  and does not appreciably a f f e c t  
phase composztrons. 

C 3 .'5 and MC prec ip i t a t e  and a few d i s toca -  

Nickel doping does not change t he  p r e c i p i t a t e  phases 

7.3 Some E f f e c t s  o f  Inc reased  Hel ium Genera t ion  on M i c r o s t r u c t u r e  and S w e l l i n g  of Nickel-Uoped . . . . . . . . . . . .  9Cr-1MoVNb S t e e l  I r r a d i a t e d  i n  HFIR (Oak Ridge N a t i o n a l  L a b o r a t o r y )  8 1  

Considerable void formation ms found o t  400 and 5 0 0 T  i n  SCr-1MoVNb-2Ni a f t e r  -38 dpa 
1-400 a t .  ppm HeJ i n  HFIR, ahereas some voids were found only a t  40OOC f o r  s imi lar  i r r a -  
d i a t i o n  of t he  same s t e e l  without n icke l  doping lonly  -30 a t .  ppm He) .  Increased helium 
generation tremendously increased bubble nucleation ouer t he  m n g e  from 300 t o  600OC. 
i r r a d i a t i o n  a l s o  produced considerable p rec ip i t a t i on  i n  t he  9Cr-lMoVNb-Z.lii at  400 and 500°C 
i n  conjunction with void formation.  

The 

7.4 P o s t i r r a d i a t i o n  T e n s i l e  Behav io r  o f  Nickel-Doped 9Cr-1MoVNb and 12Cr-1MoVW S t e e l s  
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12Cr-IMoVW-lNi, and lZCr-lMoVW-ZNi s t e e l s  were i r rad ia t ed  i n  ERR-II  t o  -16 dpa a t  390 t o  
SSOOC. T e s t s  were conducted a t  mom temperature and t he  i r r a d i a t i o n  temperature on unirra-  
d i a t e d ,  thermally aged, and i rradia ted  specimens. The e f f e c t  of i r r a d i a t i o n  depended on 
temperature and on t he  tempering treatment t ha t  t he  s t e e l  m s  given. 

7.5 E leva ted- Tempera tu re  T e n s i l e  P r o p e r t i e s  of 2 114 Cr-1Mo S t e e l  I r r a d i a t e d  i n  t h e  EBR-11, 
AD-2 Exper iment  (Oak Ridge N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . .  99 

The e f f e c t  of i r rad ia t i on  on t he  t e n s i l e  proper t ies  of 2 1/4 Cr-l,vo s t e e l  m s  de t e r-  
Unirradiated control  mined f o r  specimens i rradia ted  i n  EBR-11 t o  23 dpa a t  390 t o  550OC. 

specimens and specimens aged f o r  10,000 h at  the  i r rad ia t i on  temperature Were a l s o  t e s t e d .  
I r rad ia t i on  a t  390°C increased the  s t rength  and decreased t he  d u c t i l i t y  of the  samples 
whi le  so f ten ing  occurred i n  those  i rradia ted  and t e s t ed  a t  4 5 0 ,  500, and S50OC. 

7.6 I r r a d i a t i o n  E f f e c t s  i n  F e r r i t i c  S t e e l s  ( G A  T e c h n o l o g i e s )  . . . . . . . . . . . . . . . . .  109 

Since 1980 the  Alloy Development f o r  I r rad ia t i on  Performance iADIPI task  funded by 
t h e  U.S. Department of Energy ha6 been studying t he  2-12Cr c la s s  of f e r r i t i c  s t e e l s  t o  
e s t a b l i s h  t he  f e a s i b i l i t y  of using them i n  f u s i o n  reac tor  f i r s t  m l l / b r e e d i n g  blanket  
1FW/B)  app l i ca t i ons .  The advantages of f e r r i t i c  s t e e l s  inc lude  superior swell ing 
r e s i s t a n c e ,  low thermal s t r e s s e s  compared t o  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 ,  a t t m c t i v e  
mechanical p roper t i e s  up t o  60OoC, and serv ice  h i s t o r i e s  ezceeding 100,000 hours. 
s t e e l s  are commonly used i n  a mnge  of m ic ros t ruc tuml  condi t ions  which include f e r r i t i c ,  
mar t ens i t i c ,  tempered r m r t e n s i t i c ,  t a i n i t i c ,  e t c .  Throughout t h i s  paper where t he  term 
" f e r r i t i c "  i s  used it should be taken t o  mean any of these  micros truc tures .  
t a s k  i s  s tudying several  candidate a l l o y  systems inc luding  12Cr-1MoWV IHT-81,  modified 
9Cr-lMo, and dual. phased s t e e l s  such as EM-12 and 2 1/4Cr-lMo. 
ferromagnetic  I F M I ,  body centered cubic I B C C ) ,  and contain chromium addi t ions  between 
2 and 12 ut.% and molybdenum addi t ions  usual ly  below 2%. 

These 

The ADIP 

These m t e r i a l s  are 

The perceived i s sues  associated 
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with the  appl ica t ion  of t h i s  c la s s  of s t e e l  t o  fusion reac tors  are t he  increase in t he  
d u c t i l e - b r i t t l e  t r a m i t i o n  t e m p r a t u r e  (DBTTj with neutron damage, t he  compat ib i l i ty  of 
t he se  s t e e l s  with l i qu id  metals and so l i d  breeding m t e r i a l s ,  and t h e i r  we ldab i l i t y .  
The feferromapetic character of these  s t e e l s  can a l s o  be important i n  reac tor  design.  
I t  is t he  purpose of t h i s  paper t o  review the  current understanding of these  BCC s t e e l s  
m d  the  e f f e c t s  of i r rad ia t i on .  
induced or enhanced dimensional changes such as swelling and creep,  mechanical proper t ies  
such as t e n s i l e  s t rength  and carious measurements of toughness,  and ac t i va t i on  by 
neutron i n t e rac t i ons  i d t h  s t ruc tu ra l  m t e r i a l s .  

The nnjor po in t s  of d i scuss ion  will be i r r a d i a t i o n  

7.7 M e l t i n g  and F a b r i c a t i o n  o f  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  f o r  FFTF I r r a d i a t i o n s  
(GA T e c h n o l o g i e s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117 

Two expeAmental  hents  of W-stabil ized loid ac t i va t i on  f e r r i t i c  s t e e l s  have been 
mel ted ,  the  chemis tr ies  analyzed,  arid t he  heats  fabr ica ted  i n t o  specimens t o  be included 
in an FFTF i r rad ia t i on .  
Specimens include 1 / 3  PCVR specimens f o r  toughness ani]’ DBTT evaluat ions  and TEI4 d i s k s .  
A l l  specimens idere $“en a heat treatment of 1#5#oC f o r  1 hr fol lowed by  an air cool, 
7#U°C for 1 hr fol lowed by an a i r  cool .  

P r e l i m i n a r y  E v a l u a t i o n  o f  M i c r o s t r u c t u r e  and Mechanical  P r o p e r t i e s  on Low A c t i v a t i o n  

A control  heat of HT-Y u s  melted and fabr ica ted  i n  t h e  Same m y .  

7.8 
120 F e r r i t i c  S t e e l s  ( G A  Techno log ies )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A prel iminary evaluation of t he  microstrucbure and mechanical p roper t i e s  of a 
YCr-Z.SW-0.3V-D.15C (GA3Xj l ow  ac t i va t i on  f e r r i t i c  s teel  has been performed. An 
optimum heat treatment condit ion has been def ined f o r  GA3X s t e e l .  The proper t ies  and 
microstructure of t he  quenched and tempered specimens were characterized via hardness 
measurement and op t i ca l  metallographic observation.  

Quenched flOO#°C/lhr) and tempered (700oC/lhrl specimens were t he rnu l l y  aged a t  
600OC up t o  1,000 hrs t o  examine t he  phase s t a b i l i t y  of t h e  a l l o y .  
ana l y s i s  of the  p r e c i p i t a t e s  ex trac ted  from the  thermally aged samples revealed nearly 
100% !423C6 carbides l a  = l 0 . G 4 A I ,  wi th  no indication of F e 2 M - t y p e  Laves phase which 
ma9 a u s e  embrit t lement  oia segregation of de tr imenta l  impurity  elements and a trength-  
ening.  The impurity  elements f F ,  S, Sbj are i n  small, concentrat ion and t h i s ,  combined 
wi th  a f i n e  grain size, lead us t o  conclude l i t t l e  temper embrit t lement  will occur. 

t he  t e n s i l e  proper t ies  a t  elevated temperatures. 
G A J X  s t e e l  a t  elevated temperatilres are comparable t o  both SCr-1Mo and the  modified 
YCr-1,Wo s t e e l s .  
s u i t a b l e  low ac t i va t i on  a t l o y s  can be succes s fu l l y  produced in t h i s  f e r r i t i c  a l l o y  
C l a 8 s .  

7.9 M i c r o s t r u c t u r a l  Comparison o f  HT- 9 I r r a d i a t e d  i n  HFIK and EBR-I1 (West inghouse Hanford 

X-ray d i f f r a c t i o m  

The hot-microhanjness a.id d u c t i l i t y  parameter memurements were used t o  es t imate  
The est imated t e n s i l e  s t rengths  of 

These prel iminary r e s u l t s  are encouraging in t h a t  they 6UgpSt  t ha t  

Coinpany) 129 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A ser i e s  of specimens of HT-Y heat $1354 have been examined following i r r a d i a t i o n  i n  

H F I H  t o  39 dpa a t  300, 40#, 500 and 600°C and fo l lowing  i r r a d i a t i o n  in E B H - 1 1  t o  25 ?pa 
a t  393 and 5#O0C, 
a t  a l l  temperatures and voids at  4000C. 
f l u e n c e ,  nor m s  it f o m d  in EL%-11 i r rad ia t ed  specimens. 
NFIIi is a t t r i bu t ed  t o  helium y m e r a t i o n .  
saturtrt ion of d u c t i l e - b r i t t l e  t r a n s i t i o n  temperature s h i f t s  wi th  increas ing  f l uence .  

F r a c t o  r a g h i c  Examina t ion  o f  F e r r i t i c  A l l o y  Charpy Specimens a t  a Fluence  of 

HFIli i r r a d i a t i o n  m s  found t o  have promoted helium bubble formation 
Cavi ta t ion  had not been observed a t  lower 

The Onset of void swelliwg in 
The observations provide an explanation f o r  

7.10 
137 6 x 1052 n/crn2 (West inghouse Hanfo rd  Company) . . . . . . . . . . . . . . . . . . . . . .  

The f r a c t u r e  surfaces of t h i r t e e n  Charpy specimens have been ezamined by scannivg 
e l ec t ron  microscopy and seueral of these  have been measured f o r  hardne.ss. 
s e r i e s  i r rad ia t ed  i n  t he  AD-2 t e s t ,  second discharge inc ludes  HT-Y base metal i n  two 
product forms,  and Modified YCr-1Mo base metal and weld meta l ,  f l uences  inc lude  13 and 
26 dpa and i r m d i a t i o n  temperctures cover t he  runge 390V t o  55OoC. Fracture appeamnce 
i s  found t o  be i n s e n s i t i u e  t o  i r rad ia t i on  fluence, ijhereas s i g n i f i c a n t  d i f f e r e n c e s  could 
be foulid in product form. 
f m c t u r e  mechanism such as temper embrit t lement .  
s t ruc tu re  generated prior t o  i r r a d i a t i o n .  

The specimen 

I t  i s  concluded t ha t  i r r a d i a t i o n  does not encourage a new 
Fai ture  i r  contro l led  by the  micro- 

. . .  
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8. COPPER AND ITS ALLOYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8.1 S w e l l i n g  and T e n s i l e  P r o p e r t i e s  of Neutron I r r a d i a t e d  Copper A l l o y s  f o r  H igh  Heat F l u x  

Four commercial copper a l l o y s  and two elemental coppers were i r rad ia t ed  t o  EBR-11 

A p p l i c a t i o n s  (Lo8 Alamos N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . .  

f l u e n c e s  of 3 and 15 dpa a t  385OC. 
showed large swell ing a t  t he  high f l uence .  The two p r e c i p i t a t i o n  hardened and cold 
worked a l l o y s  (AMZIRC and MZC1 Were sof tened s i g n i f i c a n t l y  by t he  i r rad ia t i on .  
a luminadispersed  a l l o y s  ( A I - 2 0  and AI- 601 re ta ined  t h e i r  mechanical s t rength  a f t e r  
i r rad ia t i on .  

The AMZIRC a l l o y  and t he  two elemental coppers 

The two 

8.2 N e u t r o n- R a d i a t i o n  Induced Changes i n  E l e c t r i c a l  R e s i s t i v i t y  of Copper A l l o y s  f o r  MFE 
A p p l i c a t i o n s  (Lo8 Alamos N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . .  

Values of Pe were nraasured for two elemental f h i3h -pur i t y )  coppers and f o u r  commercial 
copper a l l o y s  subjected i n  EBR- 11 t o  neutron fluences of 0.4 arid 2.0 x 
Re la t i ve  t o  annealed con t ro l s ,  two alumina-dispersed a l l o y s  gaue t he  hes t  r e s u l t s :  
Increases  i n  pe (and l / K 1  of 6- 7% a t  t h e  high f lwence ,  with no s i p i f i c a n t  changes (per  
paper 8.1 preceding) i n  t he  corresponding y i e l d  s t r e s s e s .  

n/m2 a t  658X. 

8.3 Dual I on  I r r a d i a t i o n  S t u d i e s  of High S t r e n g t h  Copper A l l o y s  (Westinghouse RED Center  and 
U n i v e r s i t y  of P i t t s b u r g h ,  and McDonnell Douglas Company) . . . . . . . . . . . . . . . . .  

Microstructural  changes are reported for a prec ip i t a t i on  strengthened Cu-0.4 wt 5 
Be- 1 .9  w t  % N i  a l l oy  and a dispers ion  hardened Cu-0.6 w t  % A1 i A l 2 O j l  a l l o y  a f t e r  dual ion  
i r r a d i a t i o n  a t  f l uences  up t o  -20 dpa a t  Z50°C, 300OC and 350OC. 
swel l ing  r e s i s t ance .  Peak siwelling temperature f o r  t he  alirmina d ispers ion  hardened allog 
(AI- 601 is -350OC. For fluences of 10-20 dpa average swel l ing  m t e s  of 0.01% pe r  dpa and 
0.05% per dpa have been measured for i r r a d i a t i o n  without simultaneous helium i n j e c t i o n  and 
w i th  a gas atom implantat ion Pate of Kg ~3 x l o r 3  appm.,s-1. 
neous and is mst pronounced i n  grains wtth low 10. d e n s i t i e s  of A 1 2 0 3  p a r t i c l e s .  The 
beryllium-copper a l l o y  s h m s  almost no swell ing wi th  t he  ezception of a few narrow and 
widely spaced transgranular bands of voids a t  25O0C-350OC. 
r e f l e c t i o n s  in t he  Latter  a l l o y  is fluence and temperature dependent and r e f l e c t s  loss  of 
coherency of t he  C.P. zones, p a r t i c l e  r e s t ruc tu r ing  and/or loss  of i m g i n g  condi t ions  due 
t o  s t r a i n  f i e l d  overlap from the  d i s loca t ion  network. 
y - A l 2 0 ?  p a r t i c l e s  in t he  A 1 4 0  i s  observed under ce r ta in  condi t ions .  The impact of t he se  
phase z n s t a b i l i t i e s  m mechanical and thermal p roper t i e s  i s  not knorm. I t  is recommended 
t h a t  neutron i r rad ia t i on  s tud i e s  a t  105oC-300oC be conducted t o  asaess t h e i r  importance. 

Both a l l oy s  shot2 good 

Void forrmt ion  i s  heteroge- 

Loss of the  (100) relrod 

RecoiL r e so lu t i on  of the  cubic 

9. MATERIALS COMPATIBILITY AND HYDROGEN PERMEATION S T U D I E S  . . . . . . . . . . . . . . . . . . . .  

L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.1 Env i ronmenta l  E f f e c t s  on t h e  P r o p e r t i e s  o f  Vanadium-Base A l l o y s  (Aryonne N a t i o n a l  

Ezposures of V-ISCr-STi, V - Z O T i ,  and VANSTAR-7 specimens t o  pressurized f l o w i n g  
water  containing 0.03 ppm d isso lved  O2 a t  288oC i nd i ca t e  tha t  V-15Cr-5Ti again has 
t h e  bes t  corrosion r e s i s t ance .  Further s c a n n i n g  Auger nrlcroprobe s tudies  of sulfur 
segregation i n  vanadium-base a l l o y s  reveal no c l ear  corre la t ion  between segregation 
and t he  var iables  examined. 

9.2 C o r r o s i o n  of A u s t e n i t i c  and F e r r i t i c  S t e e l s  i n  F l o w i n g  L i t h i u m  Envi ronlnent  (Argonne 
N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Corrosion data a weight loss  and i n t e rna l  penetra t ion  are presented f o r  f e r r i t i c  
and a u s t e n i t i c  s t e e l s  i n  f lowing l i t h i u m  a t  372, 4 2 7 ,  and 482OC. Resul t s  from 
metallographic ezamination of t he  lithium-exposed specimens are presented.  
i n f l uence  of t ime ,  temperature, and l i t h i u m  p u r i t y  on t he  d i s so lu t i on  behavior of 
t h e  a l l o y s  i s  d iscussed .  

The 

9.3 Env i ronmenta l  E f f e c t s  on P r o p e r t i e s  o f  S t r u c t u r a l  A l l o y s  i n  F l o w i n g  Pb-17Li (Argonne 
N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Corrosion data are pmsented  f o r  f e r r i t i c  HT-9 and Fe-9Cr-IMo and a u s t e n i t i c  
Type 316 s t a i n l e s s  s t e e l  i n  f lowing Pb-17Li a t  423 ,  4 2 7 ,  and 454OC. 
of HT-9 a l l o y  i n  a flowing Pb-17Li environment a t  temperatures between 270 arid 450OC are 
a l s o  reported.  

T e n s i l e  proper t ies  

1 5 1  
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9.4 Thermal Convec t ion  Loop S t u d i e s  o f  t h e  L i t h i u m  C o r r o s i o n  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 S tandard  Fe-12Cr-1MoVW Stee l  (Oak Ridge N a t i o n a l  L a b o r a t o r y )  . . . . . . .  

Further data f o r  Cr-Mn s t e e l s  in thermally convective l i t h i u m  showed tha t  corposion 
The domi- i v  such sgstems m s  complicated by m l t i p l e  simultaneous corrosion processes.  

nant corrosion reac t ion  during higher temperatiire exposure of 1ZCr-IMoVW s t e e l  t o  t he r-  
mally convective l i t h i u m  m s  t h e r m 1  T o d i e n t  m s s  t r a n s f e r .  

197 

9.5 C o r r o s i o n  o f  Type 316 S t a i n l e s s  S tee l  and 12Cr-1MoVW Stee l  i n  T h e r m a l l y  C o n v e c t i v e  
Pb- I7  a t .  % L i  (Oak Ridge N a t i o n a l  L a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . .  205  

Observations of the  e f f e c t s  of the  cleaning procedure used t o  remove res idual  
Pb-17 a t .  % L i  from type  316 s t a i n l e s s  s t e e l  revealed a considerable v a r i a b i l i t y  i n  t he  
amouqt of corrosion layer  t ha t  w~ls a l s o  removed. No local i zed  corrosion or l ead- l i th ium 
p e n z t m t i o n  m s  noted f o r  I2Cr-IMoVW s t e e l  exposed t o  t h e r m l l y  convective Pb-17 a t .  % L i  
f o r  3078 h a t  temperatures u p  t o  5OO0C. 
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