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INTRODUCTION 

There are two a i m s  t o  t h i s  program, namely: 

a) S tud ie s  of ox ide  d i spe r s ion  s t rengthened  a l l o y s ,  t o  e s t a b l i s h  s t rengthening  

mechanisms, t o  examine deformation and f r a c t u r e  behavior ,  and g e n e r a l l y  t o  improve 

thereby  t h e  s t r u c t u r e  and p r o p e r t i e s  of such a l l o y s ;  

b) S tud ie s  t o  determine t h e  p o t e n t i a l  of r a p i d l y  quenched l i q u i d  meta l  d r o p l e t s  

as a b a s i s  f o r  a l l o y  development ( s p l a t  coo l ing ) .  

s o l u b i l i t y ;  t h e  extreme refinement of g r a i n  s i z e ,  d e n d r i t e  s i z e ,  and s i z e  of 

excess  phases;  t h e  minimizing of segrega t ion  and t h e  ref inement  of i n c l u s i o n  

p a r t i c l e  s i z e ;  t h e  gene ra t ion  of near-aiiorphous (homogeneous) s t r u c t u r e s ;  t h e  

a b i l i t y  t o  produce a v a r i e t y  of metas tab le  i n t e r m e t a l l i c  compounds; a l l  t h e s e  

sugges t  a vast p o t e n t i a l  f o r  s t r u c t u r e  mod i f i ca t ions  and p rope r ty  improvements. 

The f i r s t  a i m  i s  t o  achieve  rap id  quenching ( g r e a t e r  than  about l o 3  o r  10 "C sec-l) 

The ve ry  l a r g e  changes i n  s o l u t e  

4 

w i t h  pound l o t s  of a l l o y s  t o  provide s u f f i c i e n t  material  f o r  mechanical ,  chemical,  

and phys ica l  t e s t i n g .  The second aim i s  t o  select promising a l l o y  systems. 

The r e s u l t s  of t h e s e ' s t u d i e s  over  t h e  r ecen t  s i x  month per iod  a re  descr ibed  below 

I 

I. ALLOY STRENGTHENING BY FINE PARTICLE-DISPERSION 

A .  Oxide Dispersion Strengthened Iron-Be0 Alloys 

A l l  f o u r  of t h e  iron-Be0 compositions are now known t o  have been s u c c e s s f u l l y  

ex t ruded ,  y i e l d i n g  sound material i n  a l l  cases. The powder compacts underwent an  

area reduc t ion  r a t i o  of 17:l on conversion i n t o  ba r  s tock .  With one except ion ,  

t h e  ex t rus ions  were performed i n  t h e  temperature  range 1550 t o  1570°F; one w a s  

d e l i b e r a t e l y  extruded i n  t h e  a u s t e n i t i c  range  a t  1800°F. The lower temperature  

e x t r u s i o n s  were intended t o  produce a co ld  worked a lpha  phase which r e t a i n s  t h e  

s t o r e d  energy a t  temperatures  up t o  t h e  t ransformat ion  temperature;  t h e  e x t r u s i o n  

a t  1800°F would r e s u l t  i n  a r e c r y s t a l l i z e d  s t r u c t u r e ,  f r e e  of r e s i d u a l  cold work. 
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Densi ty  measurements showed a l l  of t h e  mater ia ls  t o  be e s s e n t i a l l y  100% of 

t h e o r e t i c a l  dens i ty .  Metal lographic  and chemical a n a l y s i s  checks have ind ica t ed  

t h a t  t h e  a l l o y s  are c l ean ,  of t he  intended composition, and of e x c e l l e n t  metal-  

l u r g i c a l  q u a l i t y .  While f u r t h e r  checks w i l l  be made, i t  does appear t h a t  t h e  

i r o n  oxide  conten t  i s  very  low, probably less  than  a few t e n t h s  of a weight percent .  

It appears  t h a t  t h e  ex tens ive  prevent ive  measures which were taken  dur ing  processing 

were l a r g e l y  success fu l  i n  avoiding contaminat ion by i r o n  oxide.  This  i s  considered 

t o  be  v i t a l  i n  maintaining a s t a b l e ,  sound s t r u c t u r e  during long-time h igh  tempera- 

t u r e  exposure.  

The mic ros t ruc tu res  of a l l  of t h e  a l l o y s  were similar except  f o r  t h e  oxide 

con ten t .  The g r a i n  s t r u c t u r e  can be de l inea ted  by means of a d i l u t e  n i t a l  e t ch .  

Azsomewhat e longated g r a i n  s t r u c t u r e  i s  observed, wi th  occas iona l  small r eg ions  

of what appears  t o  be an equi-axed g r a i n  s t r u c t u r e .  It i s  intended t o  determine 

whether a t e x t u r e  w a s  developed as a r e s u l t  of t h e  ex t rus ion ,  and t o  e s t a b l i s h  

whether t h e  observed g r a i n  s t ruc tu re .  p l ays  an  important r o l e  i n  determining t h e  

mechanical p r o p e r t i e s  of t h e  a l loys .  Using a l i g h t  microscope a t  lOOOX, i t  i s  

not  p o s s i b l e  t o  d e l i n e a t e  t h e  Be0 d i s p e r s i o n ,  bu t  i t  i s  q u i t e  ev ident  t h a t  c l u s t e r i n g  

w a s  avoided, and a t o t a l l y  s a t i s f a c t o r y  d i s t r i b u t i o n  has been achieved. 

Cursory Laue X-ray back-ref lec t ion  s t u d i e s  of t h e  as-extruded a l l o y s  i n d i c a t e  

a f i n e l y  r e c r y s t a l l i z e d  mat r ix .  

no t  a p p e a r  t o  change t h e  p a t t e r n  s i g n i f i c a n t l y .  

Exposure a t  1725'F, i n  t h e  a u s t e n i t i c  range,  does 

It would appear from t h i s  that 

t h e r e  may have been s u f f i c i e n t  hea t ing  during ex t rus ion  t o  ra ise  t h e  temperature  

of t h e  b i l l e t s  up t o  o r  above t h e  t ransformat ion  temperature.  These s t u d i e s  are 

cont inuing .  

Among t h e  extruded a l l o y s  are t h e  fol lowing compositions and s t r u c t u r a l  

v a r i a b l e s :  
a) 0.75 v/o Be0 
b) 3 v/o Be0 
c) 6 v/o Be0 
d) approximately 2 . 5  v /o  Beg i n  a ma t r ix  of i r o n  conta in ing  

approximately 0.5 w t .  % Be remaining i n  s o l i d  s o l u t i o n  
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Composition (d) w a s  a t t a i n e d  by d i f f u s i n g  t h e  n a t u r a l l y  formed i r o n  oxide on 

a t t r i t e d ,  submicron powders i n t o  the bulk  of t h e  powder t o  form a p a r t i a l l y ,  in-  

t e r n a l l y  oxid ized  s t r u c t u r e .  

remains unoxidized,  l eav ing  beryl l ium i n  s o l i d  s o l u t i o n .  Composition ( c )  w a s  

achieved wi th  two d i f f e r e n t  powder s i z e s .  

w a s  a t t r i t e d  near-micron f l a k e s .  

however, t h e  d i f f u s i o n  d i s t a n c e  fo r  t h e  near-micron f l a k e  powder i s  exceedingly 

s h o r t ,  and i n t e r n a l  o x i d a t i o n  w a s  r e a d i l y  achieved. 

The c e n t r a l  p o r t i o n  of t h e  submicron f l a k e  mater ia l  

One w a s  -44 micron material; t h e  o t h e r  

In  both c a s e s  i n t e r n a l  ox ida t ion  w a s  complete, 

Room temperature  hardness  measurements, a f t e r  exposure of t h e  as-extruded 

material  t o  p rogres s ive ly  h igher  temperatures ,  s e r v e  as a p r ime  measure of t h e  

s t a b i l i t y  of t h e  r e s u l t a n t  s t r u c t u r e s .  

i n  terms of hardness ,  t h e  following r e s u l t s  were achieved: 

The ,75 and the 3 v/o Be0 a l l o y s  i n  t h e  as-extruded forms showed va lues  

A s  examples of t h e  s t a b i l i t y  of t hese  a l l o y s  

a) 

of approximately Rockwell G 60, maintaining t h e s e  va lues  on annea l ing  up t o  tempera- 

t u r e s  of 1625°F. On hea t ing  i n t o  t h e  a u s t e n i t i c  range,  t h e  .75  Be0 a l l o y  dropped 

t o  Rockwell G 4 0 ,  and t h e  t h r e e  percent  Be0 a l l o y  dropped t o  Rockwell G 55. 
\ 

b) The 6% Be0 a l l o y  showed hardness  va lues  of Rockwell G $ 4  - 76 i n  t h e  as- 

The hardness  va lues  extruded cond i t ion ,  and a l s o  on anneal ing as h igh  as 1625°F. 

dropped only  t o  Rockwell G 70 on anneal ing a t  1725°F i n  t h e  a u s t e n i t i c  range. 

c) The Fe-Be s o l i d  s o l u t i o n  ma t r ix  conta in ing  2.5% Be0 showed a Rockwell G 

hardness  of 94, which d i d  not  decrease  on hea t ing  t o  1625"F, and i n  f a c t ,  d i d  not 

s o f t e n  on anneal ing a t  1725°F ( i t  may s t i l l  have been i n  t h e  f e r r i t i c  range a t  

1725°F because B e  c l o s e s  t h e  gamma loop) .  

Current  c reep  and c reep  rup tu re  tes ts  confirm t h e  hoped f o r  s t a b i l i t y  of t h e s e  

a l l o y s .  

somewhat more complete. 

The c reep  r u p t u r e  r e s u l t s  w i l l  be  r epor t ed  as soon as t h e  tests are 

Tension tes t  r e s u l t s  are  repor ted  i n  Table I f o r  t h e  several a l l o y s  descr ibed  

above; r e s u l t s  are r epor t ed  f o r  the as-extruded cond i t ion  and a f t e r  annea l ing  a t  
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Addi t iona l  da t a  are being compiled and d i s c u s s i o n  i s  d e f e r r e d  h igh  temperatures .  

u n t i l  such t i m e  as t h e s e  tests are complete. I n  p a r t i c u l a r ,  s i n c e  thermal- 

mechanical t rea tments  w i l l  a l s o  be u t i l i z e d  to  f u r t h e r  s t r eng then  t h e s e  m a t e r i a l s ,  

i t  appears  appropr i a t e  t o  d e f e r  d i scuss ion  of t h e  t e n s i o n  da ta .  

It w i l l  be  noted i n  Table I t h a t  anneal ing i n  t h e  a u s t e n i t i c  temperature  range 

r e s u l t s  i n  a l o s s  of y i e l d  and u l t ima te  t e n s i l e  s t r e n g t h ,  w i th  l i t t l e  o r  no 

e f f e c t  on t h e  d u c t i l i t y .  Of cons iderable  importance i s  t h e  gene ra l  h igh  l e v e l  of 

t h e  observed d u c t i l i t y  va lues  of these  i n t e r n a l l y  oxid ized  i r o n  a l l o y s .  

Pre l iminary  s t u d i e s  of t h e  e f f e c t s  of a d d i t i o n a l  cold work, wi th  o r  wi thout  

i n t e rmed ia t e  anneal ing t rea tments ,  look q u i t e  promising. Some r e s u l t s  are  r epor t ed  

f o r  t h e  3% Be0 a l l o y :  

a) The hardness  approached a m a x i m u m  a f t e r  about  25% reduct ion  of area,  whether 

i n t e rmed ia t e  anneal ing t rea tments  were u t i l i z e d  o r  no t .  

from Rockwell G 60 t o  about 74 a f t e r  25% cold work. 

The hardness  increased  

b) Annealing of t h e  cold worked s t r u c t u r e  a t  1625°F r e s u l t e d  i n  a s l i g h t  

hardness  drop,  from Rockwell G 74 t o  Rockwell G 7 1 .  A f t e r  anneal ing i n  t h e  a u s t e n i t i c  

range  a t  1725"F, t h e  hardness  dropped s i g n i f i c a n t l y ,  t o  Rockwell G 53. 

c) Tension tests showed t h a t  a f t e r  annea l ing  a t  temperatures  as h igh  as 1625"F, 

t h e  swaged material continued t o  show higher  s t r e n g t h  va lues  than  were achieved for  

t h e  as-extruded condi t ion .  Af t e r  swaging t o  35% reduc t ion  of area, t h e  y i e l d  and 

u l t i m a t e  s t r e n g t h  va lues  increased t o  90,000 and 95,000 p s i ,  r e spec t ive ly .  

of t h i s  cold worked s t r u c t u r e  a t  1200°F reduced t h e s e  va lues  only t o  82,000 and 

88,000 p s i .  

p s i ,  r e spec t ive ly .  

Annealing 

Annealing a t  1600'F f u r t h e r  reduced t h e s e  va lues  t o  70,000 and 80,000 

Laue X-ray back- re f l ec t ion  p a t t e r n s  showed broad cont inuous r i n g s  f o r  t h e  

swaged cond i t ions ,  and a f t e r  anneal ing t r ea tmen t s  t o  1625'F; anneal ing a t  1725°F 

r e s u l t e d  i n  r eve r s ion  t o  t h e  spot ty  r i n g  p a t t e r n .  
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TABLE I -- 
Tension Tests a t  80°F f o r  Fe-Be0 Alloys - 

Alloy Comp. 
v o l .  % Be0 

0.75 Be0 

3.0 Be0 

6.0 B e 0  

2.5 Be0 

Condit ion Upper Y. S.  Lower Y. S .  U.T.S. Elong. Red. Area 
i n  1000 p s i  i n  1000 p s i  i n  1000 p s i  % % 

As-ext . 76 62 72 25 75 

1625' ann. 56 52 73 27 75 
1725" ann. 53 46 61 27 74 

As-ext . 82 61 74 19 52 

1725" ann. 60 50 68 19 50 

A s - s t .  84-91 73-80 98-97 9-11 21-32 

1725" ann. 71-72 63-67 82-87 9-13 20-33 

As-ext . 130 124 148 10 11 

( i n  Fe-Be matrix) 

Merely t o  g i v e  some idea  of t h e  l e v e l s  of s t r e n g t h  va lues  being achieved i n  t h e  

c reep  and stress r u p t u r e  tests, and stresses f o r  l i v e s  of 20 hours  and 100 hours  a t  

1200°F have been i n  t h e  range of 16,000 t o  20,000 p s i ,  and 12,000 t o  17,000 p s i ,  

r e s p e c t i v e l y ,  f o r  t h e  weaker and s t ronger  compositions.  

l o g  stress ve r sus  log  r u p t u r e  t i m e  p l o t  are extremely f l a t .  

serve t h a t  t h e  h ighes t  s t r e n g t h  va lues  r epor t ed  h e r e  are about t h e  same as those  which 

had been achieved by i r o n  a l l o y s  dispers ion-strengthened wi th  A 1  0 

mechanical  blending of f i n e  powders. 

about  10 volume percent  of oxide,  compared t o  about 3 volume percent  Be0 i n  t h e  c u r r e n t  

s t u d i e s .  The use  of on ly  3% BeO/in a s i g n i f i c a n t l y  more d u c t i l e  and workable s t r u c t u r e  

due t o  t h e  lower oxide  content .  

The s l o p e s  of t h e  curves  on a 

It is  i n t e r e s t i n g  t o  ob- 

der ived  through 2 3' 

In  t h e  l a t te r  case ,  it was necessary  t o  u t i l i z e  

r e s u l t s  

We are extremely pleased wi th  t h e  r e s u l t s  being obta ined  c u r r e n t l y ,  and f e e l  

t h a t  t h e s e  a l l o y s  w i l l  undoubtedly be t h e  s t r o n g e s t  f e r r i t i c  i r o n  base  a l l o y s  repor ted  

i n  modern meta l lurgy  f o r  use  a t  temperatures  up t o  1200 t o  1400'F. 

r u p t u r e  tests are planned f o r  1400'F. 

Addi t iona l  creep 
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B. Oxide Dispers ion  Strengthened Copper-A1 0 by t h e  SAP Technique 2 3  

The f i r s t  of t h e  series of su r face  oxid iz6d ,  copper-aluminum a l l o y s  has  been pro- 

duced i n  extruded form. 

fol lowing manner: 

This  a l l o y ,  92.5% Cu-7.2% A 1  - 0.3% A1203, was produced i n  t h e  

a) -325 mesh atomized powder of copper-7.5% aluminum vas a t t r i t e d  f o r  6 hours  i n  

e thano l  t o  produce a f l a k e  product  of th ickness  less than  0.1 micron and of diameter  

3 - 5 microns.  

b )  The material  w a s  allowed t o  a i r  o x i d i z e  n a t u r a l l y  dur ing  comminution, forming 

both  copper oxide  and A 1 2 0 3  on t h e  sur face .  

c) The powder w a s  reduced i n  hydrogen f o r  3 hours  a t  450°C t o  e l i m i n a t e  t h e  

s u r f a c e  copper oxide ,  l eav ing  only t h e  A 1  0 2 3 '  

d)  The f l a k e  powders were loaded and compacted i n t o  a copper can under a n  argon 

atmosphere. Extreme care w a s  taken t o  avoid oxygen contamination. A packing d e n s i t y  

of about  60% of t h e o r e t i c a l  was achieved i n  t h i s  s t e p .  

e )  The canned b i l l e t  w a s  sea led  i n  -a m-ild s t ee l  j a c k e t  and Heliarc welded t o  

produce a vacuum t i g h t  system. The weld w a s  c a r e f u l l y  checked and found t o  b e  

vacuum-tight. 

f )  The canned b i l l e t  w a s  heated t o  a temperature  of 740"C,, and extruded a t  a 

r educ t ion  of area r a t i o  of 2 0 : l  t o  y ie ld  b a r  s tock  of approximately 1/2" diameter .  The 

maximum e x t r u s i o n  p res su re  was 720 tons,  and t h e  average was 640 tons  f o r c e .  

Dens i ty  measurements showed t h a t  t h e  a l l o y  had a d e n s i t y  of a t  l e a s t  99.7% of 

t h e o r e t i c a l .  The s t r u c t u r e  i n  a prel iminary a n a l y s i s  appeared s a t i s f a c t o r y ;  accord ingly ,  

tes ts  have been i n i t i a t e d  t o  check out t h i s  produce be fo re  ex t ruding  t h e  remaining 

b i l l e t s .  

a t  p rogres s ive ly  h ighe r  temperatures  a r e  shown i n  Table 11. 

i n d i c a t e  an  extremely s t a b l e  a l l o y  s t r u c t u r e .  

t empera ture ,  and stress r u p t u r e  tes ts  a t  450"and 6500, are under way. 

Hardness measurements a t  room temperature  a f t e r  one hour annea l ing  t rea tments  

The hardness  r e s u l t s  

Accordingly,  t ens ion  tests wi th  inc reas ing  
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The fo l lowing  a l l o y s  have now been processed through s t e p  (c) above: 99 Cu - 1 Al; 
97 Cu - 3 A l ;  79 Cu - 20 Ni - 1 A l .  Extrusions of a l l  of t h e s e  materials should be  

completed w i t h i n  t h e  next  t h r e e  t o  f o u r  weeks. 

The second p o r t i o n  of t h i s  same i n v e s t i g a t i o n ,  namely, t h e  product ion of i n t e r n a l l y  

oxid ized  powders i n  submicron f l a k e  form, i s  under way. These powders, as noted i n  

earlier r e p o r t s ,  w i l l  be  reacteh t o  u t i l i z e  t h e  s u r f a c e  copper oxide  t o  conver t  more A1 

t o  A 1 2 0 3 .  

amount of aluminum i n  s o l i d  s o l u t i o n .  This  w i l l  permit  a comparison of t h e  re la t ive 

s t r eng then ing  e f f e c t s  of ox ide  conten t  versus  s o l i d  s o l u t i o n  s t r eng then ing  when both 

s t r eng then ing  mechanisms are used simultaneously.  

The a l l o y s  w i l l  con ta in  a higher  percentage of  a lminum oxide  and a smaller 

TABLE I1 

Room Temperature Hardness of t h e  Cu - 7.2 A 1  - 0.3 A1203 Alloy A f t e r  1 Hour Annealing 

RB Condition Eardness ,  

As-extruded 99 

400°C (792°F) annea l  95 

600°C (1112'F) annea l  93 

800°C (1472°F) annea l  

900°C (1652'F) annea l  

93 

92 

1000°C (1832°F) annea l  9 1  
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C .  Chromium OxiLz Cont ro l  i n  (h; j a t i o n  Resis tant-Oxide Dispers ion  Strengthened Alioys - - 
I n  a d d i t i o n  t o  t h e  10 micron diameter,  t ype  316 s t a i n l e s s  steel  powders, which 

were a v a i l a b l e  t o  t h i s  program and which w e r e  used t o  produce two s t a i n l e s s  s teel  

e x t r u s i o n s  each conta in ing  5 v /o  t h o r i a ,  a d d i t i o n a l  compacts of two ox ida t ion  r e s i s t a n t  

a l l o y s ,  prepared by h a l i d e  t r a n s p o r t ,  have been obta ined  and are being processed. It 

i s  a n t i c i p a t e d  t h a t  t h e s e  compacts, produced by t h e  h a l i d e  process ,  w i l l  be  unusual ly  

comparison wi th .  low i n  chromium 

h ighe r  chromium 

A s  recount  

ox ide  and should serve as  r e fe rence  materials f o r  

ox ide  a l l o y s .  

d i n  t h e  prev ious  progress  r e p o r t ,  two type  316 s a i n l e s s  s teel  compacts 

were prepared ,  each con ta in ing  about 5 v/o t h o r i a  ( introduced by mechanical b lending) ,  

and were then  subjec ted  t o  a hydrogen r educ t ion  t rea tment  t o  t r y  t o  c o n t r o l  t h e  chromium 

oxide  con ten t .  Af t e r  hydrogen reduct ion,  a l l o y  1 w a s  found t o  con ta in  1.23 w t .  % 

chromium oxide ,  and a l l o y  2 w a s  found t o  con ta in  0.9 w t .  % chromium oxide.  These a l l o y s  

were compacted i n  mi ld  s t ee l  cans,  s ea l ed ,  hea ted  t o  2000°F, and extruded a t  a r educ t ion  

of area r a t i o  of 16:l. 
7 

Hardness tests a t  room temperature w e r e  made t o  g e t  a p re l imina ry  measure of  t h e  

s t a b i l i t y  of t h e s e  a l l o y s  as a func t ion  of i nc reas ing  anneal ing temperature  f o r  one 

hour.  The r e s u l t s  are shown i n  Table 111. 

Both a l l o y s  appear t o  show good s t a b i l i t y  t o  2500°F, however, a l l o y  1 appears t o  

be  t h e  ha rde r  and more s t a b l e  of t h e  two materials.  It i s  no t  expected t h a t  t h e  ob- 

se rved  hardness  d i f f e r e n c e  between the  two a l l o y s  i s  accountable  by t h e  small d i f f e r e n c e  

i n  chromium oxide conten t .  

Laue back- re f l ec t ion  X-ray p a t t e r n s  i n d i c a t e  t h a t  t h e  f i r s t  s i g n s  of r e c r y s t a l l i z a t i o i  

appear  i n  t h e s e  a l l o y s  a f t e r  one hour exposure a t  2000'F. 

l i z a t i o n  on mechanical p r o p e r t i e s  has  no t  y e t  been determined. 

The e f f e c t  of such r e c r y s t a l -  

Tension specimens were evaluated a t  a s t r a i n  r a t e  of 0.03/minute, and t h e  r e s u l t s  

are  shown i n  Table  I V .  I n  l i n e  wi th  t h e  observed h ighe r  hardness  of a l l o y  1, t h i s  a l l o y  

i s  s i g n i f i c a n t l y  s t r o n g e r  than  a l l o y  2 .  In  s p i t e  of t h e  s i g n i f i c a n t  d i f f e r e n c e  i n  



TABLE 111 

Room Temperature Hardness of Type 316 S t a i n l e s s  - 5 Volume Percent  Tho2 Alloys as a 
Function of Annealing Temperature 

Treatment 
O F  

As-ex t ruded 

1600 - 1 hour 

1800 - 1 hour 

2000 - 1 hour 

2300 - 1 hour 

2500 - 1 hour 

Alloy 1 
(1.23 % Cr,O,) 

100 Rg 

98 

94 

94 

92 

90 

Alloy 2 
(0.9 % Cr203) 

88 RB 

82 

80 

78 

. 78 

75 

TABLE I V  

Room Temperature Tension P r o p e r t i e s  of SS-Th02 Alloys 

Allov  Condit ion 0.2% Y.S. ,psi  U.T.S., p s i  Elongat ion.  % 

1 as-extruded 92,000 123,500 17.2 

1 ann. 1 hour-2000°F 87,000 128,000 20.7 

2 as-extruded 43,600 82,400 21.7 

2 ann. 1 hour-2000°F 41,800 81,000 25.3 
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s t r a i n  v a l u e s ,  t h e  d u c t i l i t i e s  of t h e  two a l l o y s  are q u i t e  similar. 

hour a t  2000°F d i d  not  change s i g n i f i c a n t l y  e i t h e r  t h e  s t r e n g t h  o r  t h e  d u c t i l i t y  of  

t h e s e  two a l l o y s ,  sugges t ing  t h a t  t h e  a l l o y s  are r e l a t i v e l y  s t a b l e ,  and might g i v e  

e x c e l l e n t  h igh  temperature  c reep  rupture  p r o p e r t i e s .  On t h e  b a s i s  of t h e s e  tests, 

c reep  r u p t u r e  tests are  planned f o r  1800 and 2000"F, pre l iminary  t o  tests a t  s t i l l  

h ighe r  tempera tures  i f  t h e  r e s u l t s  look good a t  t h e  two lower temperatures .  

Annealing f o r  one 

Meta l log raph ica l ly ,  a l l o y  2 appears t o  have a s i g n i f i c a n t l y  poorer  d i s p e r s i o n  of 

t h o r i a ,  even though both materials were prepared i n  a s imi l a r  fash ion .  

Both materials w i l l  be  g iven  a d d i t i o n a l  co ld  work a t  room temperature ,  a f t e r  which 

t e n s i o n  tests w i l l  aga in  be made t o  e s t a b l i s h  changes i n  p r o p e r t i e s  and changes i n  

s t a b i l i t y  of t he  r e s u l t a n t  s t r u c t u r e .  

Two a d d i t i o n a l  ox ida t ion  r e s i s t a n t  a l l o y s  have been prepared by t h e  h a l i d e  t r a n s p o r t  

p rocess ,  namely, an  80 N i  - 20 C r  a l l o y  con ta in ing  about 3 v /o  t h o r i a ,  and an  80 Fe - 
20 C r  a l l o y  conta in ing  about 3 v/o t h o r i a .  It i s  expected t h a t  bo th  a l l o y s  w i l l  have 

very  low chromium oxide con ten t ,  due t o  t h e  n a t u r e  of t h e  h a l i d e  t r a n s p o r t  p rocess .  

The t h o r i a  d i s p e r s i o n  i t s e l f  i s  an unknoyn q u a n t i t y  as y e t  i n  t h e s e  a l l o y s .  

of t h e  success  wi th  i n t e r n a l  ox ida t ion  of Fe-Be a l l o y s  ( see  above),  powders were aga in  

prepared by i n t e r n a l  ox ida t ion ,  y i e ld ing  a powder product  of Fe - 3 v/o  BeO; t h e s e  

powders w i l l  be  chromized by t h e  ha l ide  t r a n s p o r t  p r o c e s s ' t o  produce an  80 Fe - 20 C r  - 
3 v/o Be0 a l l o y  t o  compare a g a i n s t  t he  Fe-Cr-Th02 a l l o y  descr ibed  above. 

i s  expected t h a t  t h e  chromium oxide content  of  t h i s  t h i r d  a l l o y  w i l l  be low, thus  

provid ing  a comparison between t h o r i a  and b e r y l l i a  as  d i spe r so ids .  

t h e  Be0 w i l l  b e  uniformly and very  f i n e l y  d i spe r sed ,  due t o  t h e  i n t e r n a l  ox ida t ion  

process ,  whereas t h e  t h o r i a  d i spe r s ion  i s  not  known as pointed ou t  above. 

of t h e  f i r s t  two compositions are now a v a i l a b l e  and are being prepared f o r  ex t rus ion .  

Because 

Again, i t  

It is  expected t h a t  

The compacts 
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D. Modes of Deformation and F rac tu re  i n  Oxide Dispersed Metal Systems 

There remains t h e  problem of s e l e c t i n g  t h e  most s u i t a b l e  compositions f o r  t h e  de- 

formation and f r a c t u r e  s t u d i e s .  For tuna te ly ,  p o r t i o n s  of t h e  ove r -a l l  prograni are 

beginning t o  produce i n t e r e s t i n g  materials which can se rve  as p a r t  of t h e  m a t e r i h l s  

s t o c k  €or  t h i s  phase of t h e  program, a l so .  I n  t h e  meantime, c reep  r u p t u r e  tests 

have been completed of t h e  copper-aluminum s o l i d  s o l u t i o n  a l l o y s  t o  s e r v e  as a base  

l i n e  f o r  comparison wi th  t h e  i n t e r n a l l y  oxid ized ,  and wi th  t h e  i n t e r n a l l y  oxid ized  

p l u s  co ld  worked s t r u c t u r e s .  

a c t i v a t i o n  energy f o r  c reep  of 46,500 ca lo r i e s /mole  has  been found. 

t o  t h e  a c t i v a t i o n  energy f o r  s e l f - d i f f u s i o n  of copper ,  namely, 47,000 ca lor ies /mole .  

There has  been r epor t ed  t o  b e  a change i n  t h e  c reep  mechanism of pure Cu i n  t h e  t e m -  

p e r a t u r e  i n t e r v a l  500 - 6OOOC; no change was observed wi th  t h e  Cu-A1 s o l i d  s o l u t i o n  

a l l o y s .  Fur ther  tests are planned. 

Based on creep r u p t u r e  s t u d i e s  a t  500 - 65OoC, an  

This  i s  equ iva len t  

It w a s  observed t h a t  aluminum i n  s o l i d  s o l u t i o n  appears  t o  r e t a r d  g r a i n  boundary 

mig ra t ion  s i g n i f i c a n t l y ,  and l e a d s  t o  a decided roughening of t h e  g r a i n  boundaries .  

Grain boundary migra t ion  occur's a t  6OOOC and h i g h e r ,  and seems t o  t a k e  p l ace  on t r ans -  

verse boundaries  t o  a g r e a t e r  e x t e n t .  

w a s  g r e a t e r  near t r i p l e  p o i n t s  than  elsewhere. 

Typ ica l ly ,  t h e  ex ten t  of  g r a i n  boundary mig ra t ion  

Measurement of s l i p  band spacing g ive  va lues  of t h e  o rde r  of 1 micron. These va lues  

are s imilar  t o  t h o s e  r epor t ed  f o r  copper-zinc s o l i d  so lu t ions .  

i n t e r s e c t i o n s  occas iona l ly  happen, causing some secondary s l i p  t o  occur  a t  t h e  twin 

boundary. 

S l i p  band - twin 

F r a c t u r e  i n  t h e s e  c reep  s t u d i e s  i s  ex tens ive ly  i n t e r c r y s t a l l i n e ,  and i s  as soc ia t ed  

w i t h  copious void formation,  p r imar i ly  on boundaries  which are n e a r l y  t r a n s v e r s e  t o  

t h e  t e n s i o n  ax i s .  

t u r e .  

t o  be favored.  

Void s i z e ,  a t  any given s t r a i n ,  i n c r e a s e s  with inc reas ing  tempera- 

Crack i n i t i a t i o n  occurs  p r imar i ly  a t  t r i p l e  p o i n t s  where void coalesence appears  
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E f f o r t s  t o  avoid excess ive  ox ida t ion  of t h e  copper dur ing  t h e  i n t e r n a l  ox ida t ion  

t r ea tmen t s  of t h e  Cu-A1 s t r i p  samples a r e  now meeting wi th  g r e a t e r  success .  A t  in-  

t e r n a l  ox ida t ion  temperatures  of 800'C a d i spe r so id  of f i n e  p l a t e l e t s  has  been observed, 

w i th  th i ckness  va lues  of 150 to 300 A and p l a t e  dimensions of 1300 t o  1600 A .  
0 0 

Occasional  

r e g u l a r ,  t r i a n g u l a r ,  o r  hexagonal p l a t e l e t s  are  a l s o  observed. A s  expected,  t h e  hardness  

va lues  bf t h e s e  i n t e r n a l l y  oxid ized  materials, which are  f r e e  of cold work, are low. 

The hardness  va lues  do no t  change, however, on exposure t o  temperatures  through 800°C. 

Unfor tuna te ly ,  t h e  room temperature d u c t i l i t y  appears  t o  b e  low, and as l i t t l e  as 6% 

r educ t ion  i n  th i ckness  by co ld  r o l l i n g  has caused some s u r f a c e  cracking.  

are being g iven  a hydrogen r educ t ion  t reatment  t o  t r y  t o  e l i m i n a t e  a l l  t h e  oxygen 

which may e x i s t  e i t h e r  i n  t h e  s u r f a c e  or  a t  g r a i n  boundaries  nea r  t h e  sur face .  

These samples 

I n  t h e  meantime, specimens have become a v a i l a b l e  from t h e  i n t e r n a l l y  oxid ized  

iron-Be0 samples,  on which ex tens ive  mechanical t e s t  d a t a  are  now a v a i l a b l e .  

material  w i l l  be  included i n  t h e  d e f o m a t i o n  and f r a c t u r e  s t u d i e s .  I n  a d d i t i o n ,  t h e  

copper-A1 0 

test  samples f o r  t h i s  s tudy.  

a n t i c i p a t e  any problems wi th  t h e  e l e c t r o n  microscopic  s t u d i e s  of t h e  r e s u l t a n t  s t r u c t u r e s .  

This  

a l l o y s  prepared by t h e  SAP technique (see above) w i l l  a l s o  provide a d d i t i o n a l  2 3  

Repl ica t ion  techniques are working w e l l ,  and w e  do not 

Current  and Future  Act ivi t ies  

A s  i n d i c a t e d  i n  t h e  prev ious  progress  r e p o r t ,  we are now en te r ing  a per iod of ex tens ive  

mechanical  t e s t i n g ,  s t a b i l i t y  s t u d i e s ,  and s t r u c t u r e  a n a l y s i s ,  a l l  of which should l e a d  

t o  a b e t t e r  understanding of t h e  mechanisms of s t r eng then ing  i n  t h e s e  oxide d i s p e r s i o n  

s t rengthened  systems. 

The extreme p recau t ions  which were taken i n  t h e  p repa ra t ion  and processing of t h e s e  

a l l o y s  appear  to have paid o f f .  

f r e e . o f  non-ref rac tory  oxides .  

t h e  a l l o y s  w i l l  show marked improvement over ear l ier  a l l o y s .  

In gene ra l ,  t h e  s t r u c t u r e s  are c l e a n  and appa ren t ly  

A s  a r e s u l t ,  i t  i s  expected t h a t  t h e  s t a b i l i t y  of 
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A. Development of Continuously Operating Atomization Un i t s  f o r  Larger  Scale 
Powder Product ion 

The low me l t ing  Sn-8% Zn a l l o y  h a s  been u t i l i z e d  f o r  cont inuing  a tomiza t ion  s t u d i e s  

t o  ach ieve  ref inements  i n  t h e  two major a tomiza t ion  u n i t s  c u r r e n t l y  i n  use.  The g o a l  

of t h e s e  experimental  t r ia ls  w a s  t o  e s t a b l i s h  o r  opt imize  t h e  gun geometry i n  terms of 

t h e  p a r t i c l e  s i z e  and shape of t h e  atomized metal d r o p l e t s .  Thus f a r ,  two of t h e  guns 

have been t r i e d ,  namely, one wi th  an  0.035 inch  o r i f i c e ,  and t h e  o t h e r  wi th  an  0.050 

inch  o r i f i c e .  The gas  p re s su re  u t i l i z e d  i n  both  cases w a s  t h e  same, namely, 125 p s i .  

C o l l e c t i o n  of t h e  s o l i d i f i e d  metal p a r t i c l e s  w a s  done e i t h e r  a g a i n s t  a metal s u b s t r a t e  

o r  from a water ba th .  

d i s t r i b u t i o n  of t h e  c o l l e c t e d  powders is shown i n  F igure  1. 

Some of t h e  r e su l t s  are summarized i n  Table  V. The p a r t i c l e  

B a s i c a l l y ,  two types  of 

powders are p resen t  i n  t h e  materials c o l l e c t e d  thus  f a r ,  namely, a coa r se ,  f l a k e - l i k e  

p a r t i c l e  and a f i n e r  equi-axed p a r t i c l e .  

material i s  formed by impaction aga ins t  a - s u b s t r a t e  whi ie  s t i l l  i n  t h e  molten form, 

The shapes c l e a r l y  suggest  t h a t  t h e  f l a k e - l i k e  

whereas t h e  f i n e r ,  more s p h e r i c a l  p a r t i c l e s  are  t y p i c a l  of materials which s o l i d i f i e d  

i n  f l i g h t .  

Measurements of t h e  g r a i n  s i z e  i n  these  materials shows v a r i a t i o n s  from about 10 - 70 

microns,  t h e  10 micron s i z e  being a s soc ia t ed  wi th  t h e  coa r se ,  f l a t t e n e d  p l a t e l e t s ,  and 

t h e  70 micron s i z e  being a s soc ia t ed  with t h e  c o a r s e r  equi-axed s t r u c t u r e s .  This  would 

i n d i c a t e  t h a t  t h e  cool ing  rates f o r  these  two sets of cond i t ions  are q u i t e  d i f f e r e n t ,  

and r e l a t i v e l y  slow (poss ib ly  104"C/second). Grain s i z e s  nea r  10  microns are  of i n t e r e s t  

t o  t h i s  program, and i t  i s  c lear  t h a t  v a r i a t i o n s  i n  t h e  a tomiza t ion  technique should b e  

capable  of  producing g r a i n  s i z e s  from less than  about 1 t o  10 microns. 

produce pound l o t s  of material which can then  be compacted and prepared f o r  t e s t i n g .  

has  been i n d i c a t e d  from more c a r e f u l l y  c o n t r o l l e d  s p l a t  cool ing  s t u d i e s  (un fo r tuna te ly  

invo lv ing  20 mi l l ig rams of material p e r  s h o t ) ,  s o l i d i f i c a t i o n  of l i q u i d  metal d r o p l e t s  

i n  f l i g h t  must b e  avoided i f  very  f i n e  g r a i n  s i z e  is  d e s i r e d .  The geometr ies  involved 

i n  t h e  p r e s e n t  a tomiza t ion  s t u d i e s  suggest t h a t  t h i s  w i l l  no t  be d i f f i c u l t  t o  overcome. 

The aim is  t o  

A s  
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TABLE V 

C h a r a c t e r i s t i c s  of Atomized Powders 

Atomization O r i f i c e  of Powder C h a r a c t e r i s t i c s  
Run # Gun Comments 

1 

2 

3 

4 

.050 inch atomized i n t o  water. Equi-axed. 
10 micron g r a i n  s i z e  

.050 inch atomized on metal s u b s t r a t e ,  2 f e e t  
from gun. Flake.  10  micron g r a i n  
s i z e .  

.050 inch atomized on metal s u b s t r a t e ,  5 
f e e t  from gun. F lake  and equi- 
axed. Mixed g r a i n  s i z e  from 20 
t o  70 microns.  

.035 inch atomized on metal s u b s t r a t e ,  5 
f e e t  from gun. F ine  equi-axed, 
w i th  few f l a k e s .  Mostly 70  microns. 
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B. Al loy  S tud ie s  

1. Decomposition of super -sa tura ted  aluininum-silicon a l l o y s  - Deta i l ed  e l e c t r o n  

microscopic  s t u d i e s  of t h e  p r e c i p i t a t i o n  of s i l i c o n  par t ic les  from h i g h l y  supe r sa tu ra t ed  

aluminum-silicon s o l i d  s o l u t i o n s  has  r e s u l t e d  i n  a t e c h n i c a l  r e p o r t  which w i l l  be  

submit ted €or  pub l i ca t ion .  

demonGtrated one of t h e  p o t e n t i a l  uses  of r a p i d l y  quenched a l l o y  powders, namely, 

t h e  product ion of d i s p e r s i o n  s t rengthened a l l o y s  ( s i l i c o n  i n  A l ) .  

This  phase of t h e  program i s  completed; t h e  program has  

This  is  p o s s i b l e  i n  

an a l l o y  system which i s  normally plagued by very  coa r se ,  primary, s i l i c o n  p a r t i c l e s ,  

t h e  n e t  r e s u l t  of which i s  poor s t r eng th  and poor d u c t i l i t y .  

2. Dendr i te  spacing i n  splat-cooled aluminum a l l o y s  - The s tudy  of t h e  d e n d r i t e  

c e l l  s i z e  of aluminum a l l o y s  as a func t ion  of t h e  cool ing  ra te ,  involv ing  cool ing  

rates from 10 C/sec ( ingo t  s o l i d i f i c a t i o n )  t o  109"C/sec ( s p l a t  c o o l i n g ) ,  has  been 

completed and a t e c h n i c a l  r e p o r t  has  been prepared f o r  pub l i ca t ion .  

r e l a t i o n s h i p  e x i s t s  between t h e  log of t h e  d e n d r i t e  s i z e  and t h e  l o g  of t h e  cool ing  

8 

A s t r a i g h t - l i n e  

r a t e  over  a d i s t a n c e  of about 10 decades of cool ing  rate.  This  observed r e l a t i o n s h i p  

is  p a r t i c u l a r l y  important  s i n c e  i t  e s t a b l i s h e s  f o r  t h e  f i r s t  t i m e  t h e  p o s s i b i l i t y  t o  

u t i l i z e  m i c r o s t r u c t u r a l  f e a t u r e s  as a measure of t h e  cool ing  rate. 

of coo l ing  ra te  during sp la t -cool ing ,  confirmed by c a l c u l a t i o n s  Qf t h e  cool ing  rate 

from h e a t  f low cons ide ra t ions ,  now f ind  s t r o n g  support  i n  t h e  observed r e l a t i o n s h i p  

Di rec t  measurements 

between d e n d r i t e  s i z e  and cool ing  r a t e .  

3 .  The de termina t ion  of s o l i d  s o l u b i l i t y  i n  A1-Cu, Al-Ni, and o t h e r  aluminum a l l o y  
systems - Lat t ice  parameter measurements of aluminum s o l i d  s o l u t i o n s  i n  these  systems, 

achieved through s p l a t  cool ing ,  are being cont inued.  The r e s u l t s  e s s e n t i a l l y  confirm 

and extend those  descr ibed  i n  t h e  previous s t a t u s  r e p o r t ;  t h i s  phase of t h e  work w i l l  

be  concluded i n  t h e  near  f u t u r e .  The main e f f o r t  a t  t h e  moment has  been s h i f t e d  t o  

e l e c t r o n  microscopic  s t u d i e s  of t h e  p r e c i p i t a t i o n  processes  which t a k e  p l a c e  i n  t h e s e  

a l l o y s  on decomposition of t h e  supersa tura ted  s o l i d  s o l u t i o n s .  

e s t a b l i s h  t h e  k i n e t i c s  of t h e  p r e c i p i t a t i o n  process ,  and w i l l  e s t a b l i s h  t h e  p o t e n t i a l  

These s t u d i e s  should 

~ 

I 

among t h e s e  a l l o y s  f o r  product ion of high s t r e n g t h  a l l o y s  through d i s p e r s i o n  s t rengthening .  
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4 .  Transmission e l e c t r o n  microscopy of A l ,  - A1-Cu, A 1 - N i ,  and A1-Pd g l a t - c o o l e d  

materials - Because of t h e  known increase  i n  s o l u b i l i t y  of copper i n  aluminum under 

cond i t ions  of r a p i d  quenching by sp la t -cool ing ,  namely up t o  11 percent  copper ,  t h e r e  

i s  i n t e r e s t  i n  s tudying t h e s e  materials as p o t e n t i a l  a l l o y s  wherein l a r g e  i n c r e a s e s  

i n  s t r e n g t h  can be  achieved by doubling t h e  amount of p r e c i p i t a t e ,  and by b r ing ing  

about t h e  va r ious  p r e c i p i t a t i o n  s t e p s  a t  lower tempera tures ,  r e s u l t i n g  i n  f i n e r  pre- 

c i p i t a t e d  p a r t i c l e s .  For t h i s .  purpose,  t ransmiss ion  e l e c t r o n  microscopy w i l l  b e  

e x t e n s i v e l y  u t i l i z e d .  

s i z e ,  shape,  and growth of t h e  p r e c i p i t a t e  p a r t i c l e s  as a func t ion  of time and t e m p e r a -  

t u r e .  

pal ladium systems. 

pal ladium and aluminum - 2% palladium a l l o y s ,  i n d i c a t i n g  extended s o l i d  s o l u b i l i t y  

ranges  through r a p i d  quenching. Electron t r ansmiss ion  micrographs of t h e s e  r eg ions  

revea led  only  bend contours  and occas iona l  d i s l o c a t i o n s .  

A t t en t ion  i s  being d i r ec t e r j  t o  t h e  de te rmina t ion  of p a r t i c l e  

S t u d i e s  thus  f a r  have been concentrated on t h e  aluminum-copper and aluminum- 

Single-phase regions have been observed i n  t h e  aluminum - 4% 

I n  quenched, s o l i d  aluminum and aluminaq-copper a l l o y s ,  t h e  d i s l o c a t i o n  conf igu ra t ions  

are a f u n c t i o n  of t h e  s o l u t i o n  t r ea tmen t - t empera tu res  and s o l u t e  conten t .  D i s loca t ion  

loops  form i n  quenched aluminum and aluminum-copper a l l o y s  a t  s o l u t e  concen t r a t ions  

up t o  2% copper.  

t a i n i n g  a h ighe r  s o l u t e  concen t r a t ion  than  t h i s .  

Helical d i s l o c a t i o n s  are seen  i n  t h e  aluminum-copper a l l o y s  con- 

Measurements of d i s l o c a t i o n  loop 

d iameters  and of t h e  r a d i u s  and p i t c h  of t h e  h e l i c e s  a l low c a l c u l a t i o n s  of t h e  vacancy 

concen t r a t ion  on quenching. Because splat-cooled materials can con ta in  v a s t l y  h ighe r  

numbers of vacancies ,  t h e i r  behavior  should d i f f e r  from t h a t  which i s  seen  i n  conven- 

t i o n a l l y  prepared materials. It has been observed t h a t  pure  aluminum s p l a t s  do con ta in  

s i g n i f i c a n t l y  l a r g e r  numbers of d i s l o c a t i o n s  i n  a tangled  conf igu ra t ion  than  do con- 

v e n t i o n a l l y  quenched s o l i d  materials.  A 1  - 5% copper s p l a t s  a l so  a p p e a r  to have an  

a l t e r e d  d i s l o c a t i o n  conf igura t ion .  

5. Copper-base a l l o y  systems - The work i n  t h e  Cu-Be and Cu-Si systems p rev ious ly  

desc r ibed  has  been evaluated and a pub l i ca t ion  i s  being prepared. 
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6 .  Study of Atmospheric co r ros ion  of A 1  and A 1  a l l o y  sp la t -cooled  materials - I n  t h e  

course  of t h e  p re sen t  work on aluminum a l l o y  s p l a t s ,  i t  w a s  found t h a t  unusua l ly  r a p i d  

co r ros ion  occurred a t  room temperature ,  f a r  i n  excess  of t h a t  normally observed wi th  

2 
conven t iona l ly  prepared c o a r s e r  aluminum powders. It was found t h a t  atmospheric SO 

concen t r a t ions  g r e a t e r  t han  0.15 ppm severe ly  corroded s p l a t  f o i l s  of pure  A 1  and A 1  

a l loyed  w i t h  N i ,  Mn, Fe,  Co, and Pd. In  t h e  Boston area, concen t r a t ions  of t h i s  magnitude 

occur  f r e q u e n t l y  between t h e  months of November and May. 

s p l a t  f o i l s  made dur ing  t h i s  per iod  of t i m e  showed numerous u n i d e n t i f i e d  phases.  I n  

many cases, however, a lpha  A12S3 and be ta  A12S3 phases  could be  i d e n t i f i e d  from X-ray 

d i f f r a c t i o n  p a t t e r n s .  

proposed. Other l i k e l y  co r ros ion  products are s u l f a t e s ,  s u l f i t e s ,  and t h i o s u l f a t e s .  

Comparative co r ros ion  ra te  s t u d i e s  of splat-cooled a l l o y s  w e r e  made by exposing samples 

bo th  i n  t h e  Boston area and i n  a suburban area of lower New Hampshire, where t h e  

atmosphere i s  r e l a t i v e l y  f r e e  of SO2. 

Attempts have a l s o  been made t o  s imula te  t h e  co r ros ion  r e a c t i o n s  i n  t h e  l a b o r a t o r y  us ing  

c o k e r c i a l l y  prepared SO gas .  The specimens were unaf fec ted  by t h e  presence of d r y  

SO2 a lone .  

X-ray d i f f r a c t i o n  p a t t e r n s  of 

A mechanism f o r  t h e  formation of t h e s e  compounds has  been 

The changes i n  t h e s e  two areas have been recorded. 

2 I 

There i s  concern over  t h e s e  r e a c t i o n  ra tes  because o t h e r  s p l a t  cooled a l l o y s ,  based 

on Cu, N i ,  Co, o r  Fe, and o t h e r  m a t e r i a l s ,  might a l s o  be  s t r o n g l y  a f f e c t e d  by t h e  

atmosphere cond i t ions  which p revas l .  

Fu tu re  Work 

The a tomiza t ion  u n i t s  are e s s e n t i a l l y  ready t o  s t a r t  producing s i g n i f i c a n t  q u a n t i t i e s  

of material .  

t h e  most s u i t a b l e  a l l o y  system f o r  t he  product ion of b a r  s t o c k  and measurement of 

p r o p e r t i e s .  

i n  t h e  n e a r  micron o r  submicron s i z e  range, and where s o l u b i l i t i e s  can be changed 

d r a s t i c a l l y ,  as wi th  aluminum-silicon and aluminum-copper, thereby  al lowing t h e  pro- 

duc t ion  of d i spe r s ion ' s t r eng thened  o r  h igh ly  modif ied aged a l l o y s .  

On t h i s  b a s i s ,  d e l i b e r a t i o n s  are c u r r e n t l y  under way on t h e  s e l e c t i o n  of 

Of most immediate i n t e r e s t  are a l l o y s  i n  which g r a i n  s i z e  can be c o n t r o l l e d  
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PARTICLE S I Z E  

D i s t r i b u t i o n  of sp la t -cooled  powders in  Figure p re l imina ry  t r i a l s  wi th  Pb-Zn i t i loy.  


