


CONTENTS 

FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1. ANALYSIS AND EVALUATION STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.1 M a t e r i a l s  Handbook for  Fusion Energy Systems (Mcnonnell Douglas As t ronau t i cs  Company 
and Westinghouse Hanford Company) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

During t h e  pas t  year t h e  handhook e f f o r t  has been d i r e c t e d  towards developing data 
s h e e t s .  For t h i s  year the  e f f o r t  has been t o  incorporate  those  da ta  shee t s  i n t o  the  
handbook. Subs tan t ia1  progress has been m d e  towards the  achievement of t h i s  goal wi th  
t h e  pub l i ca t ion  o f  mre than 3fl new data p g e s  covering t h e  proper t i e s  of bulk 
g m p h i t e s ,  l i q u i d  l i t h i u m ,  and cemmic  l i t k i u m  compouwis. 
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s e r v i c e .  Several m j o r  compositional regimes have been i d e n t i f i e d  f o r  development. 
approach mployed  has been t o  develop l o w  a c t i v a t i o n  a l l o y s  v ia  m u t e s  which m y  miti-  
ga te  prev ious ly  i d e n t i f i e d  mterial  problems. 

An e f f o r t  has been i n i t i a t e d  t o  develop low- act ivat ion a l l o y s  f o r  f u s i o n  reac tor  
The 

1.3 An Assessment of M a r t e n s i t i c  S t a i n l e s s  S tee ls  f o r  Low A c t i v a t i o n  Status 
( G A  Techno1 og i  e s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A design equation d u e s  allowable m o u n t s  of  i m p u r i t i e s  i n  m r t e n s i t i c  s t e e l s  w i th  
12% C r ,  t o  pern i t  t rade- of f  of s trengthening agents  when some add i t ions  produce unacceptable 
l eve l s  of i m p u r i t i e s .  

2. TEST MATRICES AND METHODS DEVELOPMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.1 Neutron Source C h a r a c t e r i z a t i o n  fo r  M a t e r i a l s  Experiments 

(Argonne Na t iona l  Labora to ry ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-32, -34, and -35. 
c a l c u l a t i o n s .  
s e c t i o n s .  

Neutron f l u x e s  and energy spectra agree q u i t e  wel l  f o r  HFIR i r r a d i o t i o n s  CTR-31, 
Reaction m t e s  in CTR-32 were corrected by improved burnup 

Helium productiow i s  being rev i sed  s l i g h t l y  because of new s 9 N i  moss 
Dosimetry f o r  seveml i r r a d i a t i o n  experiments i s  s u m a r i z e d .  

2.2 Neutron ic8 C a l c u l a t i o n s  i n  Support o f  ORR-MFE-4 Spect ra l  T a i l o r i n g  Experiments 
(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t o l l y  weasured and ca lcu la ted  f f u e n c e s .  
89.6 a t .  ppm He ( n o t  inc lud ing  2.0 a t .  ppm lie f rom l a g )  and 6.18 dpa f o r  t ype  316 
s t a i n l e s s  s t e e l  i n  ORR-.VFG4A and 57.7 a t .  ppm He and 4.48 dpa i n  ORR4FE-4B. 

2.3 Operat ion o f  t h e  ORR Spect ra l  T a i l o r i n g  Experiments ORR-MFE-4A and ORR-MFE-48 

New sca l ing  f a c t o r s  have heen obtained t o  f o r c e  agreement between t h e  erperimen- 
As o f  March 3 1 ,  1.983, t h e s e  f a c t o r s  y i e l d  

(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . .  . ;  . . . . . . . . . . . . . . . . . . . .  
The specimens c o n t a i m d  i n  t h e  ORR-MFE-4A ezpcperiment have been in reacto? for an 

e q u i v a t m t  of 523.3 d a t  30 Md reac tor  power, with temperotures of 400 and 330°C. The 
ORR-MFE-4B experiment,  with specimen temperatures of 500 and fiOO°C, has o p e m t e d  f o r  an 
equ iva len t  of 424 d a t  30 HI reactor  power. 
1982, f o r  specimen inispectin? and t m n s f e r  t o  a new eapsu le .  

I t  ms removed from the  reactor  October 2 1 ,  

2.4 I r r a d i a t i o n  of M i n i a t u r e  Charpy Specimen of 12 Cr-1 MoVW: Experiment HFIR-CTR-46 
(Oak Ridge Na t iona l  Labora to ry ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The HFIR-CTR-46 experiment contains  miniature  Charpy V-notch specimens of the  
na t iona l  f u s i o n  heat of 12 Cr - I  MoVW s t e e l .  I r r a d i a t i o n  a t  300OC and 400°C will achieve  
a midplane damage level  s f  I O  dpa. 

2.5 High Fluence I r r a d i a t i o n  of F e r r i t i c  Stee l  Charpy Specimens: Experiments HFIR-CTR-47 and -48 
(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The HFIR-CTR-47 and -48 ezperiments are companions of the  e a r l i e r  experiments 
HFIR-CTR-34 and -35 to achieve  displacement damage l e v e l s  up to 40 dpa i n  9 Cr- I  MoVNh 
and 12 C r- I  MoVW s t e e l s .  
a l l o y s  are included t o  assess  the  i n f l u e n c e  of helium on p o s t - i r r a d i a t i o n  impact 
behavior .  

I r r a d i a t i o n  temperatures are 300 and 4000C. Nickel-doped 
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3. PATH A ALLOY DEVELOPMENT - AUSTENITIC SlAINLESS STEELS . . . . . . . . . . . . . .  
3.1 Swe l l i ng  and M i c r o s t r u c t u r a l  Development of Path A PCA and Type 316 S t a i n l e s s  Steel  

I r r a d i a t e d  i n  HFIR (Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . .  
s t a i n l e s s  s t e e l  (CW 3 2 6 1  i r rad i a t ed  o t  30&+?0PC ms e r t e d e d  t o  -22 dpa. Voids  con- 
timuzi t o  develop wi th  increased fl.uence i n  E A - A I ,  - R I ,  and *CW 316. Void .we l l ing  
saturated in PCA-BZ at -10 dpa a t  60O0C and did vot  develop i n  PCA-A3 up t o  22 dpipl. 
s t n h l e  structure of fine t i tan ium- r ich  Kn developed d u r i v g  i r r a d i a t i o n  of PCA-A3, while 
preeristieg r E  p r e c i p i t a t e  ifl PCA-VZ r e d i s t r i b u t e s  l u r i n a  i r r a d i a t i m .  

Evaluation of m e t l i x g  of PCA w r i a v t s  and ZG%-cold-worked (N- lo t ; )  type 316 

.4 

3.2 Gra in  Boundary M i c r o s t r u c t u r a l  Development and S t a b i l i t y  f o r  Various Pret reatments  
o f  Path A Prime Candidate A l l o y  I r r a d i a t e d  i n  HFlR 
(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Irradiat ion to 22 dpo i n  H F l R  a t  SOD a d  6 0 P C  produced resaluable p a i n  boudar?  
bubbles i n  Path A PCA a d  C'W 3 1 6 .  PCA-AI had t h e  coarsest bubble s t ruc tu re  a t  5 0 P C  0-3 
'io ,M€ p r e c i p i t a t e .  
heat  treatment  of PCA-51 and -32 were s tab l e  under i r r a d i a t i o n ;  very f i n e  bubbles 
c lu s t e red  about these  p a r t i c l e s  a t  fi0OoC. The PCA a l so  r e s i s t e d  s i p a  format io? ,  m m -  
pared wi th  CW 316 (DO heat;)  o r  SA 316 and 316 + T i  i R 1  h e a t )  irradiated i n  H F I R .  

Medium t o  coarse d i s t r i b u t i o - s  of MC developed a t  the  houodaiaries S, 

3.3  The T e n s i l e  P r o p e r t i e s  o f  U n i r r a d i a t e d  Path A Prime Candidate A l l o y  
(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3ietermined a t  temperatures f r om room temperztiure t o  7 0 P C .  
PCA-A3, showed s t r eng th  m l u e s  similar t o  those of the  referewe heat of 20%-cold-worked 
326 s ta imless  steel but e sh ih i t ed  (I lower du lity i n  t h e  ZO#,iOO°C rnnqe. 

The t e n s i l e  p roper t i e s  of Path A PCA in t h e  A I ,  A3,  and RZ condi t ions  have been 
The ZS%-cold-worked a l l o y ,  

3.4 E f f e c t  of t h e  M i c r o s t r u c t u r e  on Tens i l e  P r o p e r t i e s  o f  Type 31K S t a i n l e s s  Steel  
(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
processing t rea tments  wils i r rad ia t ed  i f l  t h e  ORR at 2 5 0 ,  290, 450, arid ,50OoC to n neutrqn 
f l uenca  of about 6.8 x I O z 5  neutrons/m* (,O.I  MeV;)(-5 dpa arid 40 at. ppm H e ] .  
s i l e  proper t ies  of i r rad ia t ed  am+ amirradiated steel with  2 0 ,  3 0 ,  and ,5040 co ld  w r k  w e m  
determined nt  t h e  i r rad ia t i on  temperatures.  

A s e r i e s  of t e n s i l e  specimens t ha t  had heen giuen d i f f e r e n t  thermal ?nd mechaoica: 

The ten-  

3.5 T e n s i l e  P r o p e r t i e s  and Swe l l i ng  of  20%-Cold-Worked Type 31h S t a i n l e s s  Steel  
I r r a d i a t e d  i n  HFIR (Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . .  

~ m e r s i o n  d e n s i t y  and elevated- temperature t e n s i l e  p roper t i e s  were determined on 
%O%-cold-worked t ype  316 s t a i v l e s s  s t e e l  i r m d i a t e d  in t h e  Y F I R  t o  f l u e n c e s  of 
I . 8  t o  3.7 x I O 2 6  rieueronr/m2 (>0.1  NeC'I. which r e s u l t e d  i n  16 t o  32 dpa and 
1250 t o  2000 a t .  ppm He. 
preoious experiments ,  one to s i m i l m  fluences and one t o  h i g h e r  fluences ( up  t o  
6.3 x 1 0 2 ~  neutrons/m').  

These data were wmbined w i t k  t h e  data obtained i n  tido 

3.6 F r a c t u r e  S t r a i n  o f  20%-Cold-Worked Type 316 S t a i n l e s s  Steel  Under I r r a d i a t i o n  i n  EBR-I1 
(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Swellivq-driuev f r a c t u r e  strain s ecimens of ZG%-cold-worked 316 s ta iv less  s t e e l  
were i r rad ia t ed  t o  a fluerice of 5 x 

and 625". Fmc ture  .strain iins not a f unc t i on  of fluence or s t r a i n  m t e  but on ly  o f  
t e m p m t u r e .  
f r a c t u r e s  uere in targrumulnr ,  hut -i notched specimen i r rad ia t ed  at 5 5 P C  showed somg 

neutrons/m2 f>0.I  MeV;) i n  ERR- II  a t  430, 550, 

Fmcture  s t r a i n  ms f o u d  to be 6% a t  5 S P C  and 1% a t  625OC. A l l  

evidence of r€uOt i l i t g .  

4 .  PATH B ALLOY DEVELOPMENT - H I G H E R  STRENGTH Fe-Ni-Cr ALLOYS . . . . . . . . . . . . . . . . . .  
No con t r i bu t i ons .  
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5. PATH C ALLOY DEVELOPMENT- REACTIVE AND REFRACTORY ALLOYS . . . . . . . . . . . . . . . . .  
5.1 Mechanical P roper t y  Eva lua t ions  of Path C Vanadium Scoping A l l o y s  

(Westinghouse E l e c t r i c  Corpora t ion )  . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i s  report  updates the  data m t h e  oreep / s t ress  rupture  of t h e  mnadium-base 

scoping a l l o y s  containing zero,  600 q p m  and 1200 q p m  add i t iona l  o q y e n .  
sions drawn ear l ie r  t h a t  V - 1 5 C r - 5 T i  shows superior  c r e e p / s t r e s s  rupture  proper t i e s  to 
[/-.?@Ti and VARSTAR-7 a l l o y s  and t h a t  add i t ion  of 1200 wppm onjgen has w rmjor e f f e c t  
on t h e  creep rupture proper t i e s  remain m l i d .  
here confirms the  d u c t i l e  nature of these  a l l o y s .  

The conclu- 

The add i t iona l  fmc tography  presented 

5.2 W e l d a b i l i t y  of Path C Vanadium A l l o y s  
(Westi nghouse E l e c t r i c  Corpo ra t i  on)  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Gas tungsten arc  welds were prepared f o r  each of the  t h r e e  mnadiwn-base [Path C i  
sooping a l l o y s  using semi-automatic, f u l l  pene t ra t ion ,  bead-on-sheet welds.  The bend 
d u c t i l e - b r i t t l e  t m n s i t i o n  temperatures (DBTTS) of t h e s e  welds and base metal speci-  
mens mre determined. I n  terms of w e l d a b i l i t y  t h e  a l l o y s  Were mnked:  ( b e s t )  V - Z O T i ,  
V - I S C r - S T i ,  VANSTAR-7. The bend DBTT mlues  f o r  weld specimens were: V - Z f l T i ,  
- 196/-15@ C; V-  I S C r - S T i ,  -20/+50° C; VANSTAR-?, - 7 5 / - 5 P  C ,  f o r  long i tud ina l / t ransverse  
bend t e s t s .  

5.3 Eva lua t ions  and Development of Vanadium-Base A l l o y s  f o r  Fusion Reactor A p p l i c a t i n n s  
(Argonne Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The corrosion of "pure" V and V - 5 T i ,  V-15Cr and V - I S C r - 5 T i  a l l o y s  a t  725 K and 
825 K i n  f lowing  helium containing I O  ppm water wos determined f o r  exposure t imes  t h a t  
g ie lded  a s t eady- s ta te  corrosion m t e .  
f o r  t h e  V and V-base a l l o y s  were compared wi th  t h e  corrosion m t e  obtained f o r  PCA 
s t a i n l e s s  s t ee l  under t h e  same environmental cond i t ions .  These r e s u l t s  showed t h a t  
t k e  s t eady- s ta te  corrosion m t e s  f o r  t h e  V - 1 5 C r  a l l o y  and V-ISCr-5Ti a l l o y  were low 
but  approximately m e  order of nngnitude greater than t h e  s t eady- s ta te  corrosion m t e  
determined f o r  t h e  E A  s t a i n l e s s  s t e e l .  
e l e c t r i c a l  r e s i s t i v i t y  fo r  V and V-15Cr-5Ti  a l l o y  wos determined for  temperatures 
ranging from 77 K t o  IO00 K .  

The experimental ly  determined corrosion m t e s  

Also ,  the temperature dependence of t h e  

6. INNOVATIVE MATERIAL CONCEPTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6.1 Status of Scaleup o f  an Iron-Base Long-Range-Ordered A l l o y  

(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
completed. 
t o  s l a b ,  then m l l e d  to 3.3-, I .&,  and 0.8-m sheet  s t o c k .  The hiah- puri ty  mater ial  
contained MC-type carbides .  and MZiC,Ri-type carbides were observed in c o m e r c i a l -  
grade a l l o y .  

Semiproduction scaleup of the iron-base a l l o y  LRO-37 has been s u c c e s s f u l l y  
Three i n g o t s  of the a l l o y  were produced by a comercial source, hot forged 

6.2 Bend D u c t i l i t y  o f  I ron-Base Long-Range-Ordered A l l o y s  A f t e r  I r r a d i a t i o n  i n  HFIR 
(Oak Ridge Na t iona l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Three iron-base LRO a t l o y s  w i t h  bave compos i t i on  fFe,Rij3V t e s t e d  a t  600°C exh i-  
b i t e d  ivtergranular fracture and reduced bend d u c t i l i t i e s  a f t e r  i rradiat ion t o  I O  dpa 
at 8 0 P C  i n  HFIR. The embritt lement extended t o  lower temperatures as  t h e  damage 
l e v e l  increased.  
o f  hel ium,  segregat ing e lements ,  V c  p a r t i c l e s ,  or n combination of these  f a c t o m .  

The weakeess of t h e  p a i n  bouvdaries may be mused  by the  presence 

7. PATH E ALLOY DEVELOPMENT - FERRITIC STEELS . . . . . . . . . . . . . . . . . . . . . . . . .  
7.1  P r e l i m i n a r y  Transmiss ion E l e c t r o n  Microscopy of 12 C r - 1  MoVW I r r a d i a t e d  t o  40 dpa i n  H F I  

(Oak Ridge Na t iona l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Specimens of 12 C r- 1  .MOW s t e e l  were i r rad ia ted  i n  H F l R  t o  40 dpa a t  400 and 

f i 0 P C .  
i.i t h i s  s t e e l ,  and t h i s  is a t t r i b u t e d  i v  plrt t o  the  helium produced during 
i r r a d i a t i o n .  

Preliminary micros t ruc turq t  asawiination i n d i c a t e s  s i g n i f i c a n t  a r i i t y  fommtion  
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1.2 Elevated-Temperature Tens i l e  P r o p e r t i e s  o f  12 Cr-1 MoVW Steel  I r r a d i a t e d  i n  t h e  
ERR-11, AD-2 Experiment (Oak Ridge Nat iona l  Laboratory)  . . . . . . . . . . . . . . . . . . .  104 

norma:iBed-and-tempered ,muditions iIns determined f o r  specimens irradiated i n  EBR-II 
a t  330 to SSOOC. 
tmpera t , i r e .  Irradintion to a p p r o z i w t e l j  I 1  dpa increased t h e  ultimate t e n s i l e  
s t r eng th  f o r  each irradiatim t empemture;  an increased yield s t r e s s  m a  noted on ly  a t  
t h e  lowest temperature. 

The effect of irradiation on the t ens i l e  properties of 12 Cr-1 ,MOW s t e e l  in Du'o 

T e s t s  were conductad  a t  mom t e n p e r i t u r e  and at the  irradiation 

7.3 Fa t igue  Crack Growth i n  Path E A l l o y s  
(Westinghouse Hanford Company) . . . . . . . . . . . . . . . . . . . . . . . . .  
Seen a n i d u c t e d  in helium at temperJt : irea up to 5500C and a t  cycl ic  f requenc ies  of 6.67 
and @.6fi7 s-l. 
materials were observed at any s i n g l e  condi t ion .  
were ev ident  at t h e  lower stress i n t e n s i t y  f a c t o r s  at D.667 s-l on specimens tested at 
300°C compared to 550OC. 
13 3pa at 5 5 f f C  and t e s t e d  at 5 S P C  a t  6.67 s - I .  

7.4 F r a c t u r e  Toughness of I r r a d i a t e d  HT-9 Weld Metal  

F a t i p s  crack j rowth  t es t s  os m i n m d . i a t e d  KT-9,  riT-9 weldmiments and YCr-IVo have 

L . i t t l e  lifferemes ie crack growth behavior between t h e  three  
Houeuer, higher crack growth mtes 

No effect jf *Lr rd i a t i on  m s  observed on HT-9 irradiated to 

(Westinghouse Hanford Company) . . . . . . . .  
i r r a d i a t e 3  t o  a ,~LAWIO of 2.H x n / m 2  i E  > O . l  W V I  at 3 9 P C  were performed at 
9 3 ,  2fl.5, 316 and 4 Z i ' C .  Testiei:, of RT-9 welds  i r rad ia t ed  at 4517, 500 and S S P C  ms 
performed at 2OS0Cc. 
con3ition, t e s t i ?g  nt 93 and 4 2 F C  showed l i t t l e  chaege in fracture toughness a f t e r  
i r r a d i a t i o n .  Yoijeuer, t e s t i n g  a t  200 to 3$0°C r e su l t ed  in higher toughness, higher 
thaq t h a t  of unirradia ted  m t e r i a l .  

Frac tum  Sou:]hness tests  using a l e c t r o p o t e i t i n l  techniques on HT-9 weld m t e r i a l  

The t es t  r e s u l t s  show tha t  i r rad ia t i on  f o r  t h e  3 9 P C  irradiation 

108 

1 2 5  

7.5 E f f e c t  of Specimen S i r e  and M a t e r i a l  Cond i t i on  on Charpy Impact P r o p e r t i e s  o f  9 C r - 1  M V N b  

Charp-impact  properties were determined on full- and subs i z e  specimens of 

(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  131  

n3r.nalized-an.i-tempered as wel l  as quenched-onlg 9 0 - 1  +oVNb s t e e l .  

l n r p r  s h i f t s  in t h e  t r a m i t i o n  temperature thaw did the full-size specimen. 
w l m e t r i c  normaZizatiom of the specimen s i z e  e f f e c t  were a lso  performed. 

The subs i z e  
i m n s i a t e n t l y  smntler f r a o t i o n a l  ,drops in t h e  ,upper-shelf a e r m  and 

Area nnd 

7.6 The Toughness o f  Simulated Heat- Af fected Lone M i c r o s t r u c t u r e s  i n  HT-9 (ESK Mel t  P r a c t i c e )  
(Sandia Na t iona l  Labora to r ies ,  Liver inore) . . . . . . . . . . . . . . . . . . . . . . . . . .  13R 

JOG i e t e r m l n e d  using Gleehle-simulated m i c r o s t r u c t u r e s .  Two reg ions  of the  YAZ were 
e u a l u a t e d ;  one reg ion  repwsents  the  por t ion  of t h e  HA2 w o w s t  the  f u s i o n  zone ,  t h e  
o the r  corresponds to a region whish is heated onl:i s l i g h t l y  above t h e  upper c r i t i c a t  
t e v p e n t u r e .  Charpy V-notch resu l t s  indica ted  t h a t  followinj. a PWHT a t  760°C f o r  
1 hour both reg ions  of the  HAZ e x h i b i t  super ior  toughness behavior to tha t  o f  the 
quench-and-tevpered base rmterial. The upper she l f  tou3hness imreased  20-40 Jou les  
2nd the  38TT decrzased near13 20°C reLative to t h e  base m e t a l .  The toughness  of both 
the  ESR ?as% n?terial  m? HAZ m i c r o s t r u c t u r e s  m s  super ior  t o  t ha t  o f  t h o  
AX-processed  N a t i o w l  Fusim ,Vent, which had been prev ious ly  tested i.i a s imi lar  

The tough?ess behavior of the heat- af fec ted  zone in t h e  ESR National Fusion Heqt 

rion-ler. 

7.7 F rac tog raph ic  Examinat ion of Crack ing i n  HT-9 Mu l t i pass  Welds 
(Sandia Na t iona l  Labora to r ies ,  L ivermore)  . . . . . . . . . .  

To be Faported i n  the  next semiannual r epur t .  

146 

7.8 The I n f l u e n c e  o f  P r i o r  Cold Wor;i on t h e  Hydrogen Charged T e n s i l e  F r a c t u r e  of a 12Cr-1Mo Steel  

S w a g i n j  m,.i retemperinj i m p ~ ~ o e d  the t e n s i l e  d u c t i l i t y  of quench-ad- tempered 

(Sandia Na t iona l  Labora to r ies ,  L ivermore)  . . . . . . . . . . . . . . . . . . . . . . . . . .  147 

1 2  rr-1 'do s t e e l  ,083 etimincTted i n t e r j m n ~ l i r  c r m k i n g ,  uhc:her or  n J t  t h e  mter ia l  
20s Xydrqer2 : h a i r p i .  
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7.9 The E f fec t  of Preheat on t h e  M i c r o s t r u c t u r e ,  Hardness and Toughness of HT-9 Weldments 
( G A  Technologies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t h e  d u c t i l e - t o - b r i t t l e  t r a n s i t i o n  temperature 1 P C  ( t o  -12oCJ compared wi th  pre-  
heat ing a t  400°C. 
a f t e r  t h e  40fl”C preheat increased dendr i t e  spacing s i g n i f i c a n t l y  by dep le t ing  t h e  
surrounding m t r i x  of  C r ,  Mo, and W and increa8ing t h e  Ni. 

Preheating a t  l0D0C before  welding HT-9 increased toughness @ 13.5 J and lowered 

Scanning e l e c t r o n  microscopy showed t h a t  slower cool ing i n  t h e  weld 

7.10 An Assessment of F a b r i c a t i o n  Methods f o r  an HT-9 F i r s t  Wa l lpd lanke t  Module 
(GA Technolog ies)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A s tudy o f  t h e  TASKA tandem mirror reac tor  design shows t h a t  HT-9 has adequate 
f a b r i c a b i l i t y  t o  meet t h e  design requirements as o s t r u c t u r a l  m t a r i a l  f o r  t h e  f i r s t  
wal l  and b lanke t .  

7.11 I r r a d i a t i o n  of ESR A l l o y  HT-9 and A l l o y  9Cr-IMo(Mod.) P la tes  fo r  F r a c t u r e  Toughness Assessment 
(Naval Research Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

During t h i s  per iod ,  i r r a d i a t i o n  exposures a t  300OC and 15O0C t o  8 ~ 1 0 ’ ~ n / c m ~ ,  
f f>O. lMeV,  were undertaken f o r  t h e  Al loy  HT-9 and Al loy  9Cr-lMoIMod.J p l a t e s ,  
r e s p e c t i v e l y .  
Charpy-V(PCC,I and h a l f - s i z e  Charpy-V specimens and, i n  t h e  case of t h e  Al loy  
9Cr-1,YofMod. J ,  2.S4 mn thio4 compact t ens ion  specimens. 

Specimen tgpes  include t e i s i o n ,  Charpy-VIC,), f a t i g u e  precracked 

8. STATUS OF IRRADIATION EXPERIMENTS AND MATERIALS INVENTORY . . . . . . . . . . . . . . . . . . . .  
8.1 I r r a d i a t i o n  Experiment Sta tus and Schedule 

(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8.2 Fusion Program Research M a t e r i a l s  Inven to ry  

(Oak Ridge Na t iona l  Laboratory ,  McDonnell Douglas Company, 
and GA Technolog ies)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9. MATERIALS COMPATlRIIITY AND HYDROGEN PERMEATION S T U I I I E S  . . . . . . . . . . . . . . . . . . .  
9.1 Cor ros ion  of Path A PCA,  Type 316 S t a i n l e s s  S tee l ,  and 12 Cr-1 MoVW Steel  i n  F lowing L i t h i u m  

(Oak Ridge Na t iona l  l a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I n  l i th i i im  thermal mnuec t ion  loop ITCLl experiments ,  oeiy-ht l o s s e s  and d i s s o l u -  

t i o n  m t e s  of annealed and cold-worked path A prime m n d i d a t e  a l l o y  IPCAJ were 
s l i y h t l y  higher than those  of type 316 s t a i n l e s s  s t e e l .  
l a y e r  on t ype  316 s t a i n l e s s  s t e e l  ms constarit between 3700 and .9000 h a t  60OoC but 
v o t  a t  570OC. 
short- term webght losses of t ype  316 s t a i n l e s s  s t e e l .  The 12 C r - 1  MoVW s t e e l  shoided 
measurable bit small weight losses  i n  thermal ly  convec t i ve  l i t h i u m  between 350 and 
500OC. 

The depth of the  f e r r i t e  

Witrogen l e v e l  between 9 and 130 ut ppm i n  l i t h i u m  did  not a f f e c t  

9.2 Corrosion o f  Type 316 S t a i n l e s s  Stee l  i n  S t a t i c  P b - 1 7  a t .  4. Li  
(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The surfuce m r p h o l o B  and composition of type 316 s t a i n l e s s  s t e e l  specimens 
exposed to  s t a t i c  PtL17 a t .  ’1, L i  between 400 and 7OO0C were s tud ied .  Preliminary 
r e s u l t s  ind ica ted  v i c k e l  dep le t ioe  throughout t h i s  temperature mnge  and r e l a t i v e  
chromium surface enrichment f o r  those specimens s u f f e r i n g  t h e  h ighes t  weight l o s s e s .  

9.3 Envi ronrnental E f f e c t s  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  
( k g o n n e  Na t iona l  l a b o r a t o r y )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a t  temperatures between 700 and 7 5 5  K i n  f lowing  l i t h i u m  an3 Pb-17 L i  environments. 
The r e s u l t s  i n d i c a t e  t h a t  (d i s so lu t ion  m t e s  f o r  both s t e e l s  are an order of r m y i t u d e  
greater  i n  Pb-Li than n l i th ium.  T e n s i l e  data f o r  cold-worked Type 316 s t a i e l e s s  
s t e e l  show t h a t  a ,+loid ng environment has no e f f e c t  on t h e  t e n s i l e  proper t i e s  of Type 316 
s t e e l  at tempemtiures between 473 and 7 7 3  X. 

Corrosion data are presentad f a r  severa l  i u s t e n i t i c  and f e r r i t i c  s t e e l s  exposed 
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9.4 C o m p a t i b i l i t y  of Vanadium A l l o y s  w i t h  High-Temperature Water 
(Oak Ridge Na t iona l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  201 

ezposed t o  300OC i n t e r  for 103 h were r e l s t i u e l y  small ilnd not s i p i f i c a n t t y  a f f e c t e d  
by hydrogen overpressure.  

Weight gain8 of Path C urnadium a l l o y s  iV-ZG% T i ,  V-15% Cr-5% Ti, VANSTAR-71 

9.5 C o m p a t i b i l i t y  Stud ies of S t r u c t u r a l  A l l o y s  w i t h  S o l i d  Breeder M a t e r i a l s  
(Argonne Na t iona l  Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  204 

p e l l e t s  i n  u f l o w i n g  helium environment i nd i ca t e  t h a t  t h e  r eac t i on  mtes in helium 
contai- ing 93 ppm '120 are grea ter  than i n  helium w i th  1 ppm Y20. 
p i n  weight whereas the  L i z 0  p e l l e t s  lose weight a f t e r  ssposure. 
kinetics and metallographic euatuat.lon of t h e  a l l o y  specimens are presented.  

Compat ib i l i t y  t e s t s  between ferritic HT-9 a l l o y  or Fa-9Cr-IMo s t e e l  m d  L i z 0  

A l l  a l l o y  specimen8 
Data on t h e  reac t ion  


	CC
	Ni

	Ca
	Ni

	Mn
	AI
	Co
	Zr
	Nh
	Nb

	Be
	Ea01
	Ea02
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	Ea04


	Ec14

	35k1800
	Swelling and tensilePE-16300-700350-1800
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	125C-3000
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	40k1000
	40k1000
	316 316 + Ti7-10200-500
	40&1000
	b-9150-2700
	28C-7007-271600-5600
	20k500
	2OMOO
	%15400-1000
	2OMOO
	Swelling and tensile316370-560
	37k560
	t15.000
	30UOO
	30UOO
	Path E
	Path E



