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I, Ni--ThQ, and Ni--Mo =Tm2 Alloys Pr~duced by Selective Reduction 
1 U__-_r----r - - - - (c--w-- -.-A- 

It w a s  the purpose of t h i s  study to determine i f  su i t ab le  oxide 

0 dispersion strengthened structures could be produced w i t h .  good X O O ~  

temperature properties and high creep . s u d t - ~ ~ e  yroperries at 1 8 0 0 C F  

ox higher, u t i l i z i n g  mixtures of sub-micron ~ x i d e s  as the s tar t ing  p o i n t ,  

Because this study w i l l  be puhfished by Powder Metallurgy [London) 

i n  October 1964, deta i l ed  description of the results w i l l  not be 

undertaken here, Preprints will be availabbe w i t h i n  ezne month, at 

the Latest, 

Two of the  major problems &a producing d i spe r s ion  strengthened 

a l l o y s  are those of obtaining sub-micron oxides f less than 0.,05 micron) 

and sub-micron in terpart i c l e  spacing ( less than 0-5  micron) o1 I f  m e t a l  

powders axe  u t i l i z e d ,  the par t i c l e  size must be less than 0 , 5  micron . 

f 

for optimum results, T h i s  i s  both d i f f i c u l t  and expensive to do, If 

in terna l  ox idat ion is  u t i l i z e d ,  powders may be coarser, but oxidation 

resistant systems or complex alloys are ruled o u t .  Sirnil-ar types of 

problems are encountered by other a l l o y  preparation techniques 
* 

O n e  of the more at trac t ive  a l l o y  methods w u l d  u t i l i z e  ultra-fine 

oxides of reducible metals blended with or coated by reduction-resistant  

refractory  oxides. Reducible oxides would include those of i r o n ,  

cobalt copper manganese, n i c k e l ,  molybdenum, and tungsten- ThO, 

w a s  selected as the refractory  oxide to be achieved by decomposition 

of thorium n i t r a t e ,  

The reducible oxides chosen were NiQ and MOO, to produce ul t imate ly  

Ni-Tm, and N i s - 1 3 s  Mo-TfiO,, NiO was ava i lab le  as 0 - 5  micron material 

and MOO, was milled t o  0,6 m5cron, 



. 
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Reduction of NiC and XoO, was readi ly  accomplished below 13OO*C 

in hydrogen, removing in the meantime water vapor and n i t r o u s  Oxide 

gases f r o m  the decomposed thorium nit rate .  

The f i n e  sub micron metallic powders alloyed without d i f f i c u l t y  

dur ing  the  heating cycle to the extrusian temperature, but i n  particulax 

during hot extrusion a t  1092°C, 

The Ni-,ThO, a l h y s  (3,5 to  9 volume percent thoria) showed some 

oxide stringering 'p nevertheless values of 125,000 to 145,000 p s i  

y i e l d  stress and 140,000 to 155,000 p s i  tension stress were recorded 

at room temperature, w2th d u c t i l i t y  values ranging  from 3 to 11 percent 

elongation, At 982OC a11 the Ni-TX-A), aLloj7s except the  3 5 percent 

ThO, alloy showed instability breaks between about 10 and 50  hours, 

Retained NiO was assumed f r o m  strwtruce cunsfderations and checked 

later (reported below, see section 4 ) .  

The Ni-Mo-ThO, al loys  ( 3 . 5  to 9 volume percent thoria)  showed 

unusually uniform oxide dispersions with l i t t l e  difference observable 

i n  comparing longitudinal and transverse secthans Yield strength 

and tens ion strength values on average were 25,000 %o 2U,OQO p s i  

greater than f o r  the Ni-ThO, alloys and ductilities s l i g h t l y  lower 

A t  9S2OC the Ni-Mu-Tho, alloys showed no i n s t a b i l i t y  breaks out 

to 100 hours liLXe, yielding for the  strongest a l l o y s  a stress for 

rupture i n  100 hours of 10,000 t o  l l .000 p s i ,  in teres t ing  strength 

values comparable to those of TD-nickel and approaching those of the 

best  age .hardened nickel-base super alloys, ln longer time testsp 

based on the Plat slopes of these lag stress versus log rupture t i m e  

curves, strength superior i ty  is foreseen,  Higher tempexature tests are 

currently under way, the f i r s t  at 1Q93°C, 



C o l d  swaging of several. of "the extruded Ni-ThO, and Ni. Mo-.ThO, 

a l l o y s  r e s u l t e d  i n  s i g n i f i c a n t  982% s t r e n g t h  improvements For example, 

a N i - M o  -5 v/o T W a  a l l o y  showed an increase in stress for a 100 .hour 0 
rupture l i fe  from about '7000 t o  9000 psi, an  improvement of almost 

30 percent ,  

Based on t h e  c o l d  work s t u d i e s ,  and u t i l i z i n g  intermediate low 

temperature anneals  (700 to  900OC) a model is suggested of t h e  

s t rengthening  mechanism by cold work, 

2 ,  The S t r u c t u r e  and P rope t t i e s  of Dispersion Strengthened A l l o y s  
In P a r t i c u l a r  t h e  System Ni-TiC 

In t roduc t ion  

One of t h e  l i m i t a t i o n s  of oxide s t rengthened  a l l a y s  i s  that they  

d i s p l a y  r e l a t i v e l y  l o w  s t r e n g t h  p r o p e r t i e s  a t  room temperature when 

compared with t h e  com.an age-hardened nickel-base super a l l o y s ,  On 

t h e  o t h e r  hand, oxide d i spe r s ion  s t rengthened  al loys offem much greater 

high temperature s t r e n g t h  p o t e n t i a l  than t h e  super a l l o y s  above about 

9S2OC 

Age-hardened a l l o y s  t h e  s t ronges t  of which a x e  s t r u c t u r a l l y  

c h a r a c t e r i z e d  by dispersed  i n t e r m e t a l l i c  p a x t i c l e s  whose s i z e  and 

i n t e r p a r t i c l e  spacing are Considerably f i n e r  and more uniform than  t h a t  

found i n  the metal.=metal oxide a l l o y s  are considerably s t ronger  than  

m e t a l - m e t a l  oxide a l l o y s  a t  l o w  to in te rmedia te  temperatures They 

are unfor tuna te ly  s u b j e c t  to re -so lu t ion  of the p r e c i p i t a t e ,  followed 

by growth and coalescence,  a t  a temperature as low as 0 , 5  Tm= 

a d d i t i o n ,  t i m e  of exposure at high temperatures p lays  a much l a x g e r  

role i n  t h e  s t r u c t u r e  s t a b i l i t y  of these a l l o y s  compared t o  t h e  m e t a l -  

In 

m e t a l  oxide alloys, 
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It is believed t h a t  aged alloys derive their high s t r e n g t h ,  in 

p a r t ,  from i n t e n s e  elastic strain fields around closely spaced coherent 

p a r t i c l e s ,  The volume f r a c t i o n  of such particles in high strength 

a l l o y s  is o f t e n  l a r g e  (30 percent in age .hardened Ni base a l loys)  

Unfortunately,  growth of these p a r t i c l e s  a t  high temperatures leads to  

a loss of cohererncy with a t tendant  loss of s t r eng th ;  s t r e n g t h  losses 

0 

I 

are also a s s o c i a t e d  with the r e s u l t a n t  coarser i n t e r p a r t i c l e  spacing, 

I n  c o n t r a s t F  t h e  metal-metal oxide aIlcpys have a more uniform dis  

t x i b u t i o n  of i n t e r n a l  energy and t h e  t o t a l  particle content  i s  u s u a l l y  

l o w e r  than i n  the age-hardened a l l o y s ,  accounting i n  p a r t  for the 

lower s t r e n g t h  a t  lowex temperatures 

I t  would be desirable to achieve an a l l o y  sys-ten? by d i spe r s ion  

techniques which could incorpora te  t h e  better s t r u c t u r a l  and proper ty  

combinations of both types of a l l o y  systems, Accordingly,  t h e  p lan  

of t h i s  work was to attempt t o  in t roduce  a stable, hard, refractory 

d i s p e r s o i d ,  such as TiC or TiBzt which might be f i n e  enough t o  be 

coherent  w i th  the matr ix  and yet maintain some degree of stability 

a t  h igh  temperatures,  I n  t h i s  way, for a g iven  volume percent  of 

dispersoid, t h e  e f f e c t i v e  i n t e r p a r t i c l e  spacing would be smaller and 

b e t t e r  l o w  temperature s t r e n g t h  would be achieved, 

Diffus ion  S tud ie s  

I n  o rde r  to determine t h e  compositions of r e a c t a n t s  and condi t ions  

necessary f o r  producing a d i spe r s ion  of Tic or TiB, i n  Ni, a series 

of d i f f u s i o n  s t u d i e s  were performed, Di f fus ion  couples were made by 

matching N i - - T i  bu t tons ,  ranging i n  composition f r o m  1 to  10 percent  T i ,  

wi th  N i X  alloys ranging i n  composition from 0 - 1  to 0 - 5  percent  C ,  OK 

N i - B  a l l o y s  ranging i n  cornposition from 0,1 t o  5 percent  B, Couples 



made from a l l  p o s s i b l e  combinations of these a l l o y s  were treated for 50 

and 100 houss a t  700, 800, and 900°C, 

0 I n  t h e  N i - . T i : N i C  alloys, a fine d i s p e r s i o n  of Tic formed on t h e  

N i - T i  side of couples containing more t han  5 percent Ti and. 0-1 percent  C, 

The d i s p e r s o i d  w a s  i den t i f i ed  by means of carbon e x t r a c t i o n  r e p l i c a t i o n  

and e l e c t r o n  d i f f r a c t i o n .  

I n  t h e  N i - T i : N i - B  d i f f u s i o n  couples ,  however, TiB, w a s  not formed 

on t h e  N i , - T i  side. Rather, a t e rna ry  compound, with t h e  composition 

( N i P I T i 2 ) B 6  formed, This  phase w a s  massive and formed at t h e  i n t e r f a c e  

of t h e  d i f f u s i o n  couple;  as such i t  did not appear t o  lend itself to 

d i s p e r s i o n  s t rengthening  po ten t i a  l 

S t r a i n  F i e l d  S t u d i e s  

I n  a d d i t i o n  t o  the d i f f u s i o n  s t u d i e s ,  prel iminary s t u d i e s  were 

a l s o  performed using transmission e l e c t r o n  microscopyc The i n t e n t  

w a s  t o  observe t h e  s t r a i n  fields associated with t h e  second phase p a r t i c l e s  

i n  these d i s p e r s i o n  s t rengthened systems, 

The s t r a i n  fields appear as  dark double loba.shaped c o n t r a s t  

effects when observed i n  t ransmission e l e c t r o n  microscopy. The s i z e  

of t h e  c o n t r a s t  effect is propor t iona l  to  the amount of s t r a i n  around 

the  p a r t i c l e ,  

S t r a i n  fields were s t u d i e d  i n  t h e  Cu-Al,O, N i  A1,0,  and N i - T i c  

systems, The f i rs t  t w o  s y s t e m s  w e r e  prepared b y  i n t e r n a l  ox ida t ion  of 

Cu-0.23 percent  A1 and Ni-0,45 percent  A 1  a l l o y s ,  while t h e  N i  T i c  

a l l o y  was prepared b y  aging a supe r sa tu ra t ed  N i - 6  percent  T i  - 0 , 2  

percent  C composition, Specimens of these  a l l o y s  w e r e  e l e c t r o l y t i c a l l y  

th inned  and observed on a Hi tachi  IiU-Il e l e c t r o n  microscope opera ted  

at 100 KV,, The electrolytes usedfhr the thinning of t h e  specimens were 

23 percent  p e r c h l o r i c  acid, 77 percent  glacial acetic acid for Ni-AI,O,;  

33 percent  n i t r i c  acid, 67 percent methyl a lcohol  for the Cu-Al,O. elloys; 
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390 r n l  H,SO,, 290 ml H,O for t h e  Ni .Tic a l loy -  

S t r a i n  fields were observed around the f i n e  AS,0:3 particles in 

copper which had been i n t e r n a l l y  sx idized for 45 minutes at 800°C, 

These particles w e r e  about 60 - 100 A in. diameter and suggested that 
n 0 

the s t r u c t u r e  might be coherent because of “LIE? s i z e  of the s t r a i n  

fields, Positive proof could nut be advanced, 

Specimens of N i - A I  were internally ox id ized  for var ious  times 

a t  700, 800, 900, and 050°C, It w a s  found that the AP,O, particle size 

obta ined  i n  the Ni-A120,  s y s t e m  was an order of magnitude coarser t h a n  

that  i n  t he  Cu-Al,O, a l l o y ,  The reason €OH t h e  smaller Al,O, p a r t i c l e  

size i n  copper was t h a t  the d i f fus ion  rate, and s o l u b i l i t y  of oxygen 

in C u  are very much greater than i n  Ni at  the s a m e  homologous temperature,  

Thus a considerably high- degree of oxygen s u p e r s a t u r a t i o n  is obta ined  

i n  the Cu-Al s y s t e m ,  r e s u l t i n g  i n  a large nuclea t ion  K a t e ,  and hence 

a smaller particle s i z e  and i n t e r p a r t i c l e  spacing. 

There w e r e  no s t r a i n  f i e l d s  associated w i t h  the coarse A1,0, 

p a r t i c l e s  i n  Ni, 

Fine particles of T i c  were p r e c i p i t a t e d  i n  the Ni-6 percent Ti LA 

0 - 2  percent  C a l l o y  during aging of 70O’C after a s o l u t i o n  t reatment  

of 24 hours a t  12OO0C, These p a r t i c l e s  did e x h i b i t  s t r a i n  f ie ld  con- 

trast for p a r t i c l e s  as coarse as 300 A ,  however this could not be 
0 

proven t o  be due to  coherency, unless coherency e x i s t e d  at the t i p s  

and corners  of the Tic p l a t e l e t s .  

The o r i e n t a t i o n  r e l a t i o n s h i p  of the T i C  in n i c k e l  was found t o  be: 

c< B u l k  A l k y  Prepara t ion  and Testing 

Waving determined the conditions required to precipitate Tic 

in nickel, at tempts  were made to produce bulk alloys containing a 
0 
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' fine d i spe r s ion  of TiC and ko determine t h e i r  mechanical properties 

at room temperature and high temperatures, 

The first alloy was prepared by mixing f 2 7 5  +- 325 1 m e s h  powders 

of Ni .-. 6 percent  Ti and Ni =+ 0 , 2  percent  C:, These powders were 

compacted and extruded a t  815OC at an  e x t r u s i o n  ratio of 15 to 1- The 

s t r u c t u r e  of this a l l o y  in both the as-extruded and as*>annealed conditions 

was duplex i n  n a t u r e  in that there w e r e  areas containing a d i spe r s ion  

of T i C  and aweas devoid of Tic. T h i s  was due t o  %he d i f f e r e n c e  i n  

the d i f fus ion  rates of T i  and C, The carbon diffused i n t o  the T i . . r i c h  

reg ions  

reg ions ;  thus  the N i - C  areas became depleted of carbon, leaving o n l y  

pure Ni there, 

forming Tic, before the  T i  could  diffuse imto the carbon-.rich 

In order to overcome this d i f f i c u l t y ,  i t  was decided to  add 

elemental  carbon to the  N i  6 percent  Ti alloy. The first attempt 

involved t h e  use of gas caxb*aiza t ion ,  Methane gas was decomposed 

on t h e  surface of Ni 6 percent T i  chips;  however, a t  temperatures 

b e l o w  850% the  decomposition reaction w a s  dependent on the s u r f a c e  

cond i t ion  of t h e  chips ,  The nickel- t i tanium served as a c a t a l y s t  for 

the reaction; hence, its su r face  condi t ion  was very important for  the  

process ,  Incomplete or non--uniform decomposition of the methane 

r e s u l t e d  i n  non-uniform ca rbur i za t ion ,  Again a duplex s t r u c t u r e  w a s  

ob ta ined  in an  extruded a l l o y ,  

I t  was t hen  decided t o  add carbon as czrbon black mixed w i t h  

-325 mesh N i  =* 6 percent  T i  powder, Two alloys were made in t M s  way; 

one conta ined  enough c a r b o n  t o  form 5 voluiine percent  T i c ,  the  other 

conta ined  enough carbon to form 10 volume percent  Tic. A f t e r  ex t rus ion  



farned w h i c h  was much noxe u n i f o r m  than in any of the previous a l l o y s ,  

R o o m  temperature t e n s i l e  t e s t s  lweze pdrfosned on a l l  ~f the  alloys, 0 
The results are shown in Table I:, 

TABLE X 

R o o m  Ternperatwe Tens i l e  Properties 

NCj- 1 as extruded 51,700 E3,600 16-1 

NC-0 P annealed 50 hours 
at 300OC 47,000 36,800 22,o 

NC, 22 as extruded 145,000 449 p 000 9-0 

NC 3 3  as extruded 14 7 $000 149,000 7 - 5  

. Ni.-z6Z'oTi+ annealed 800°C 26,000 8Q I 000 i5,O 

I 
~ 

4 Wrought a l l o y  " soli6 solut ion 
C * Two specimens broke in threads ivith no p l a s t i c  deformation at 162,000 

p s i  

NC-1 was prepared by the mixing of so l id  so lu t ion  powders; NC-2 

by decomposition of methane on N i - M  Ti chips; and NG.3 and NC-4 by mixing 

of carbon black w&*h N i - 6  percent Ti powders, 

Stress rupture t e s t s  were performed on al loys NC-3 and "2.4 at 

515 and 982*C, The varkation of the stress for 100 hour rupture 

l i fe  with temperature for  these  alloys,  Inconel 700, and N i  - 9 volume 

percent ThO, are shown i n  Figure f ,  It is obvious that the alloys 

prepared in t h i s  investigation are significantly weaker at high tempera- 

tures than the alloys representative of the  o t h a  classes of dispersion 

strengthened materials 
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A Y ~ ~ S O R  for the low strength at high tenperatures for the alloys 

prepared i n  t h i s  investigation is The fast  rate of growth of t h e  T i c  

particles, I n i t i a l l y ,  these al lc ;ys  are s t ronge r  than those Eade by 

convent ional  i n g o t  p r a c t i c e  but any c o n t i i b u t i s n  T i c  might have 

on the s t rengthening  of these a l l o y s  is los t  after a short time at 

high temperatures e I n  longer t i m e  tests s t rengthening  depends on 

more convent ional  solid s o l u t i o n  effects and the  preseace of bonding 

forces between the T i c  and the nickel alloy matrix,  fit the lower 

temperatures t h e  combination of second phase s t rengthening  and cold 

work lead to h ighly  acceptab le  stxength and ductility va lues ,  These 

a l l o y s  might be q u i t e  useful. t o  650 to  750°C, however, tests were 

not perf ormed b e l o w  815 "C 

A technical paper is being prepared t o  cover i n  m u c h  greater 

detail  t he  results of t h i s  study, Copies should be available i n  

one t o  two months, 

3 Internal Oxidation of Copper - N i c k e l - A 1 w i n L a m  Al loys  - 
I n  the p a s t ,  this l abora tory  has been s u c c e s s f u l  i.n producing 

high s t r e n g t h ,  high temperature oxide d i spe r s ion  s t rengthened  a l l o y s  

by i n t e r n a l  ox ida t ion  of d i l u t e  a l l o y s  of copper conta in ing  either 

aluminum or s i l i c o n  and of n i cke l  conta in ing  beryl l ium, aluminum2 

t i t an ium E chromium and s i l i con . ,  

The s t r o n g e s t  as y e t  repor ted  a l l o y s  were produced kn the Cu-.AI,O, 

system for temperatures from 450 to  85O*C, St reng th  improvements 

range  f r o m  2x to  30x t h a t  of the best commercial copper alloys, 

S i m i l a r l y  Ni-AI,O:, a l l o y s  were made y ie ld ing  stress for  a 100-hour 

l i fe  at 9 W 0 C  of about 10,000 p s i ,  This value is not as good on a 

homologous temperature scale as t h a t  of the Cu 3,5 volume percent  A1,0,+ 

a l l o y ,  but i s  comparable to values reported for other n icke l -me ta l  oxide 

a l l o y s  and b e t t e r  than m o s t  rom-ercial s,iclceL.,base alloys above about 
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of improving further the high temperature potential o f  

such alloys would be to  increase the basic strength of the matrix 

by so l id  solution hardening, Because the Crz Ni system is of the so l id  

solution type, and because nickel strengthens copper very significantly* 

both at room and at elevated temperatures, t h i s  system was selected 

f o r  s t udy 

Procedure and Results 

The chemical compositions of the three starting alloys are s%ZOwn 

in Table 11, 

TABLE I1 

Chemical Compositions of Original A l l o y s  

Soluble 
Alloy N i c k e l  Aluminum A l u m i n a  Copper 

A3 10,f6 0-76 0.924 balance 

Ad 2 0 , f l  0,79 0,024 balance 

A 5  30.07 0,80 0,037 balance 

F i v e  procedures w e r e  considered for preparation of these a l l o y s ,  

four of them were employed, In common f o r  a l l  alloys, the f o l l o t v f n g  

conditions w e r e  observed: 

Homogenization of an or ig ina l  cast a l l o y  ingot; 

Machine m i l l i n g  i n t o  coarse chips; 

Hydrogen treatment of the chips to rninif ize  surface ox ides;  

Rod mil l ing  of the chips to make them i n t o  fine powder; 

Hydrogen treatment of the powder; 

Internal oxidation df the powder; 

Hydrogen treatment to remove excess oxygen; 
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hi) 

i) Sintering of the  compact i n  hydrogen; 

j )  m t  ex t rus ion -  

The didfexences i n  each procedure came mainly f r o m  modifications 

i n  the rod m i l l i n g ,  i n t e r n a l  oxidation, and e x t r u s t o n ,  Summaries of 

t h e  procedures for making the alloys are shown in Table 111, 

Procedure I s-wface oxidation method, was not employed, Surface 

oxida t ion ,  followed by diffusion of oxygen into the powder,which was 

success fu l  for  Cu-A1 alloyslfai led in t h i s  instance because of the 

formation of the  s p i n e l  NiO,Al,Q, i n  copious amounts, 

Vacuum compression and h y d r o s t a t i c  compression; 

Minor parts of the extruded materials were co ld  s w a g e d  t o  study 

changes i n  s t r e n g t h  and d u c t i l i t y  w i t h  cold work, Table I V  lists the 

materials which w e r e  s t u d i e d  i n  the as-ex t ruded  and cold swaged conditions 

Though X-ray l i n e  broadening studies suggestied a n  extremely f i n e  oxide 

p a r t i c l e  s i z e ,  o p t i c a l  and e l e c t r o n  microscopy showed a much coarser 

p a r t i c l e  s i z e ,  This would i n d i c a t e  clusters of ultra . f i n e  oxide  

p a r t i c l e s  to comprise part of t h e  structure, 

of 

on 

UP 

Annealing tests showed t ha t  the room temperature hardness va lues  

the as-extruded alloys (approximately RB 80 t o  95) did not drop 

hea t ing  for  one hour up to a t  least 1000°C for some alloys, and 

to l l O O ° C  for Ohe best alloys, T h i s  establishes t h e  stability of 

these Cu(Ni).-Al,O, a l l o y s  t o  be as good as t ha t  of the spec tacu la r  

Cu.-3,5 volume percent  A1,03 a l l oys  r e p o r t e d  by Preston and Grant 

several years ago, Table V shows the room temperature t e n s i l e  p r o p e r t i e s  

of t h e s e  alloys. Table V I  shows the creep-rupture p r o p e r t i e s  at 650°C, 
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Materia 1 
Code 
E3 1 

E5 1 

E4 1 

E42 

E43 

S31- 1 

531 ,2 

S51-1 

S5 1-2 

S41- 1 

s42- 1 

S42 -2 

TABLE rv 
Cold Swag inq  Studies 

_.-- Desc r ip t ion  
From a l l o y  A? (10 percent Ni) b y  Procedure II 

From a l l o y  A 5  (30 percent  N i )  by Procedure % I  

From a l l o y  A 4  (20 percent  Ni) by Procedure 1x1 

From a l l o y  A 4  ( 2 0  percent  N i )  by Procedure fV 

From a l l o y  A 4  (20  percent Ni) b y  Procedure V 

E31 cold swaged 9 , O  percent  

E 3 1  cold swaged l6 ,5  percent  w i t h  i n t e rmed ia t e  
anneal ing a t  650'C for 0 , s  hour 

E51 cold swaged 8 , 7  percent 

E51 cold swaged 16-8 percent  w i t h  in t e rmed ia t e  
anneal ing a t  650gC for 0; 5 hour 

E41 c o l d  swaged 15,2 percent  

E42 c o l d  swaged 17,s percent  

E42 cold swaged 32,5 percent  with i n t e rmed ia t e  
anneal ing a t  65OCsC for 0,,5 hour 



TABLE V - 
R o o m  m e r a t u r e  Tension Properties - _ U - - p  

Material 
Code - 

E3 1 

E5 1 

E4 1. 

E,42 

E43 

Preston and Grant s 
Cu=73 5 V O ~ ,  % A1202 

Blucher rs Cu-lo 9’0 
Ni-9 V/O A1,03 

Yield, K s i  U l t i m a t e  
40,2 !G offset) K s  i 

6 1 , 8  68.8 

36,2 

6 9 - 6  

81-2 

65, I 

32-5 

5 5 . 5  

82 “ 2  

87,2 

7 6 , O  

52,1 

13,O 

0,17 



‘ I5 - 
TABLE V I  

Creep Rupture Proper t ies  at 658°C 

Mi ni EUrn 
Stress Ruptu re  Creep Rate 

Materia 1 ICs i Life, houz2- 55 per !-Lour 
E3 1 1’7.00 0.038 - 3  - 

15-00 1.09 1-13 
’ 13.70 7.10 0,243 

12,20 70.8 0.02 I1 

E51 3.5 00 
13 50 
12,30 
11,oo 

0,173 
l,45 
12,O 
90,6 

8,33 
0,462 
0 i. 0695 
0 0407 

E4 1 13 ., 50 
12 .oo 

9,OO 

0,092 
0 I 833 

70,. 7 

‘7- 6 
3,2 
2,4 

-. > 

0,852 
0,0112 

16 ,> 50 
L3,50 
10,oo 

0 :. 015 
0 ,I 502 

106 2 

2,5 
1;8 
1,9 

c, - .  I 

1,20 
0,00787 

E43 E 5  5 0  
12 a 50 

0 503 
26,3 

1-68 
0,8555 

1,9 
2,6 

531.1 

231-2 

s5 1- 1 

s5 1 -2 
s41-1 

S42 3 I 

S42-2 

15,OO 1-33 1,02 3,5 

15 ., 00 2.06 0,522 3 - 9  

13 50 5-23 8 , 1 2 0  2,5 

13. SO 15. a Q,O7’7% 2 , 7  

12 00 0.51 2.31 2.6 

13 50 3.13 0,252 3,1 

3,3 13 50 15,55 0,0285 



Discussicin 

a 





x3 s.33 Y 0,014 ba i e 

. 



strength and y i e l d  stress r i s i n g  in parallel f a s h i o i ~ ~  The effects 

Qf intermediate annealiq are bene f i c ia l  5 u t  not p r t i c u l a r l y  large, 



Figure  

0.2% Y.S. 

A N 1 Unannealed 

Reduction i n  A r e a  

E long a t  i o n  

Reduction i n  A r e a ,  % 

cold work by swaging, for  a l l o y  N1, w i t h  and wi thout  
i n t e rmed ia t e  annea l ing  t rea tments .  

2. Change i n  U.T.S., Y. S. , and d u c t i l i t y  w i t h  i n c r e a s i n g  



plus anneal ing however t h i s  is 05vioi:s Xy a l i m i t e d  t m e  02 e v a l u a t i o n ,  

P i ~ h o l e  back- reflection X-ray phDtograpks sizow tha t  stiiaging of 



In tests as y e t  incomplete, a l l o y  N 2  shows a 2a::ge increase in 

s i g n i f i c a n t l y  by cold working; th i s  imp+ovement ;.;as no'c affected by 

intermediate annealing treatments, 

A l l o y  NM2 also showed a very large increase in rupture life with 

swaging; t h i s  increase w a s  even greater wi Oh intermediate annealing 

treatments of 1 hour at 750OC. Elongation at fai lure a h 3  increased 

with swaging .. 
Tests of allcys N1 and IW3 were too brit-ile to t e s t  successfully, 

all. exhibiting b r i t t l e  fractures, 

A l l o y  N 3  showed a similar rate of hardmss decrease with in.-, 

creasing annealing tempexaterre for  a12 saniples regazdless of the 

amount sf cold work or a r r n e a l i q  procedures, The 5 how stability of 











not o c c u  in the small test batch r u n  ear l ie r ,  

by mechanical mixing yield Nb particles  dispersed a t  random wi th  

TkP3, ,x (Iz,O) particles. There is no protection of t h s  fine Ili'b 

part ic le  by an envelope ox' TcO, as described for the a l l o y  in *he 

foElov~ing section, 



S o ~ e  t e s t s  0x1 these powders iildicatc 'khat they ape not 2.5 pyrr?,-. 

phsric as the mechanically mixed powders mentioned a b v e .  I@psr- 

deccsmpositinra af -2ihese powders and exposure to a i r ,  no g;is~~z is 
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Figure  3. Change I n  U.T.S., Y. S . ,  and d u c t i l i t y  w i th  i n c r e a s i n g  
c o l d  work by swaging, f o r  a l l o y  N 3 ,  w i t h  and without  
i n t e r m e d i a t e  anneal ing t rea tments .  
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