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Dispersion strengthened nickel-base superalloy bar has been produced by hot extrusion of 
mechanically alloyed powders. The fabrication methods produce an ultra-fine grained ma- 
terial  which res is ts  grain growth up to a critical temperature around 1506 K (2250~ Above 
this temperature,  a discontinuous grain growth process  leads to the formation of coarse  
elongated macrograins.  The material  becomes completely coarse grained in short times. 
Annealing below this temperature produces only slight grain coarsening, and relieves stored 
strain energy. Changes in propert ies are related to the grain growth and strain annealing 
processes.  

IMPROVED superalloys are sought to meet the needs 
of advanced high temperature technology. A part icu- 
lar requirement is for materials  which combine high 
creep strength at intermediate and elevated tempera-  
tures with good high temperature corrosion resistance.  
A new dispersion strengthened nickel-base superalloy, 
designated IN-853,* combines the corrosion resistance 

This alloy is produced commercially by the Huntington Alloy Products Divi- 
sion of the International Nickel Company, Inc., as INCONEL | alloy MA-753. 

and intermediate temperature  strength of a conventional 
y '  hardened nickel-base superalloy with the high tem- 
perature strength and stability character is t ics  of a 
dispersion strengthened metal. 1 

The alloy is made by extrusion of powder produced 
by the newly-developed mechanical alloying process.  
Mechanical alloying consists of processing a blend of 
raw material  powders in a dry, high energy ball mill 
or at tr i tor  in which the charge is driven by a rotating 
paddle. 1 The combined processes  of cold welding and 
comminution z which occur during mechanical alloying 
lead to the production of composite powder particles 
containing an intimate dispersion of re f rac tory  oxide 
particles.  

Extruded IN-853 bar is an ultra-fine grained mate- 
rial  which is strong at ambient temperature.  Excep- 
tional elevated temperature tensile and creep rupture 
strengths are developed after heat treatments designed 
to produce a coarse elongated grain structure in the 
material.  This paper discusses the effects of anneal- 
ing on grain growth, and mechanical properties of IN- 
853. 

EXPERIMENTAL PROCEDURES 

Material 

The IN-853 used had a nominal matrix composition 
of 19 vet pct chromium, 1.2 wt pct aluminum, 2.4 wt 
pct titanium, 0.07 wt pct zirconium, 0.007 wt pct boron, 
balance nickel, dispersion strengthened with yttrium 
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oxide. The Y2Os content was 2.25 vol pct. Excess oxy- 
gen (~ 0.5 wt pct) and nitrogen (~ 0.12 wt pct) introduced 
into the powder during the milling process,  form sec-  
ondary dispersoids in combination with part of the ma-  
trix aluminum and titanium. Mechanically alloyed pow- 
der, produced from the raw materials  shown in Table I, 
was packed in mild steel cans which were sealed by 
fusion welding, and extruded to bar in a 8.9 cm diam- 
eter press.  A range of extrusion temperatures  and 
ratios were used in the preparation of bar. 

Mechanical Tests 

Tensile tests at both room and elevated temperature 
were performed on samples of bar in the as-extruded 
condition and after various anneals at temperatures  
ranging from 1311 K (1900~ up to 1589K (2400~ 
1311 K (1900~ s t ress  rupture tests were performed 
on samples of bar:  a) as-extruded; b) annealed for 
10 h at 1450K (2150~ or c) heat treated 1/2 h at 
1589K (2400~ in argon, air cooled, then aged 24 h 
at 978 K (1300~ 

Metallography 

Samples for metallographic study were polished 
and etched electrolytically in 10 pct sulfuric acid. 
The fine grain structure was examined using electron 
microscopy of germanium-shadowed parlodion rep-  
licas. Foils for t ransmission microscopy were thinned 
by a jet technique. Samples were dished in DISA A2 
electrolyte and final polishing was done at room tem- 
perature in 10 pct perchlor ic /acet ic  at 20 volts and 
200 milliamps. 

Table I. Raw Materials Used in Mechanical Alloying of In-853 

Component Particle Size 

Type 123 Carbonyl Nickel 4-7/Jm 
Chromium -200 mesh 
Ni/16.5 A1/28 Ti master alloy -200 mesh 
Ni/29 Zr master alloy -200 mesh 
Ni/17 B master alloy -200 mesh 
Y203 200-300A 
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Fig. 1- -Micros t ruc ture  of compacted or extruded IN-853 show- 
ing influence of consolidation tempera ture .  (a) compacted at 
1144 K (1600~ (b) extruded at 1172 K (1650~ (c) extruded 
at 1228 K (1750~ (d) extruded at 1283 K (1850~ (e) extruded 
at 1339K (1950~ 

(e) 

RESULTS AND DISCUSSION 

Effect of Annealing on Grain Structure 

P r imary  Recrystallization: IN-853 bar is in general 
recrystal l ized immediately after extrusion to a fine 
grain size which increases with the extrusion temper-  
ature. The grains formed are equiaxed and have bound- 
ar ies  which can be clearly deliniated by etching. De- 
spite this clear evidence that the structure is r e c r y s -  
tallized with high angle grain boundaries, it is inter-  

esting that the material  still has a relatively high dis-  
location content. By measuring dislocations in a num- 
ber of grains in bar extruded at 1339 K (1950~ order  
of magnitude calculations indicated a total dislocation 
content ~ 10 a cm/cm a. The deformation substructure 
is thus strongly pinned by the dispersoid and res is ts  
being swept away during the original recrystal l izat ion 
process.  Transmission micrographs in Fig. 1 show 
the structure of bar extruded or compacted at temper-  
atures ranging between 1144 K (1600~ and 1339 K 

1678-VOLUME 5, JULY 1974 METALLURGICAL TRANSACTIONS 



(1950~ Due to the rather  low matrix aluminum level 
the 7' content of IN-853 in fully aged condition is less 
than 15 pct, and the 7' solvus temperature is below 
1230 K (1750~ It is unlikely that the presence of 
Y' has any significant effect on the recovery  or r e -  
crystall ization behavior of this alloy. 

Material consolidated at the lowest temperatures  
shows evidence of partial recrystal l izat ion but no dis-  
location substructure can be resolved in most of the 
unrecrystal l ized material.  Fig. l(a) shows the s t ruc-  
ture of powder compacted to full density at 1144 K 
(1600~ in an extrusion press  with a blank die. Re- 
crystal l ized grains present in the material  had an 
average size considerably less than 0.1 ~m. 

Recrystall ization is not quite complete after ex- 
trusion at temperatures  at least up to 1228 K (1750~ 
The bar  retains small regions of unrecrystall ized ma-  
terial  which have a very  high dislocation density res id-  
ual f rom the intense deformation of the mechanical al-  
loying process.  An example of such a region is shown 
in Fig. l(c) which is a foil from a bar extruded at 
1228 K (1750~ 

Recrystallization is complete after extrusion at 
higher temperatures  and the grain size increases pro-  
gressively with extrusion temperature although re -  
maining very  fine. The sequence of photographs in 
Fig. 1 show this effect. Lineal analysis of t ransmis -  
sion and replica micrographs was used to determine 
the average grain size. Material extruded at 1172 K 
(1650~ (Fig. l(b)) had an average grain intercept 
length (NL) about 0.12 ~m; in material  extruded at 
1339 K (1950~ (Fig. l ( e ) ) N  L hadavalue about 0.23 ~m; 
in material  extruded at 1478 K (2200~ N L was in- 
creased to about 0.6 ~m. The average grain size as 
indicated by N L was related to the extrusion tempera-  
ture (T) by the relation 

1 

shown in Fig. 2. 
Annealing: has different effects on the structure and 

propert ies of IN-853 depending on the temperature.  
The fine grained structure of extruded bar  res is ts  
growth to temperatures  around 1311 K (1900~ Web- 
ster  s and Inman, et al,  4 have observed stability of 
s tructure in dispersion strengthened materials,  while 
inhibition of normal grain growth by dispersed part i-  
cles has long been recognized as a possible mecha- 
nism to promote secondary recrystal l izat ion in fine 
grained silicon steel. 5 Annealing between 1311 K 
(1900~ and about 1506 K (2250~ causes slight grain 
growth, which is both time and temperature dependent, 
as well as growth of carbide particles throughout the 
material.  The t ransmission electron micrographs in 
Fig. 3 which were chosen to be fairly typical examples, 
show the general effect of annealing on material  ex- 
truded at 1339 K (1950~ During the f i rs t  stages of 
the annealing process  the dislocations tend to become 
concentrated near grain boundaries (Fig. 3(a)). Nu- 
merous concave grain boundaries indicate that growth 
of grains with low dislocation density is occurring at 
expense of heavily dislocated material  and annealing 
twins are common within these growing grains. At 
longer annealing times the substructure is gradually 
resolved until the dislocation content of most of the 
material  is low (Fig. 3(b)). Occasional pileups are 
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Fig. 2--Relat ion b e ~ e e n  ex t rus ion  t e m p e r a t u r e  and g ra in  s ize  
of e ~ r ~ e d  IN-853 bar.  

observed between particles and some dislocation a r -  
rays  observed within grain boundaries. 

Secondary Grain Coarsening: At a cri t ical  tempera-  
ture near 1533 K (2300~ rapid grain growth takes 
place, resulting in a structure generally containing 
coarse elongated grains (Fig. 4(a)). After this t rea t -  
ment much of the material  has a very  low dislocation 
content. In some regions dislocations are  retained as 
tangles which seem organized in an i r regular  subcell 
structure such as shown in Fig. 4(b). In this condition 
IN-853 develops exceptional high temperature strength 
and s t ress  rupture behavior. Although the mechanism 
of this discontinuous grain growth process  is not known, 
it resembles secondary recrystal l izat ion behavior ob- 
served in other dispersion strengthened materials,  8 
and the grain growth behavior of doped tungsten. 7 

As can be seen from the preceding discussion, IN- 
853 has a fair ly high dislocation density in the fine 
grained as-extruded condition. The dislocation sub- 
structure is not organized to a large extent within 
grain or subcell boundary surfaces.  Recovery of dis- 
locations to grain boundaries within fine grained ma- 
terial  during subcritical annealing eliminates the grain 
coarseneing response. Immobilization of the fine grain 
boundaries, removal of nucleation sites, and reduction 
of driving force for the grain coarsening through reduc- 
tion of the dislocation density, may all be factors con- 
tributing to this effect. 

Effect of Annealing on Mechanical 
Propert ies 

Room Temperature Propert ies:  In the as-extruded 
condition, IN-853 bar has high room temperature ten- 
sile strength due to the extremely fine grain size of 
the extruded product and residual strain energy de- 
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(a) (b) 
Fig. 3--Structure of IN-853 after different annealing treatments. (a) annealed 2 h at 1450 K (2150~ (b) annealed 48 h at 1450 K 
(2150~ 

r i v e d  f r o m  the m e c h a n i c a l l y  a l l oyed  powders .  The 
v a r i a t i o n  of y ie ld  s t r eng th  with the  e x t r u s i o n  t e m p e r -  
a t u r e  and the g r a i n  s i ze  is  ind ica ted  on Fig.  2. The 
effect  of annea l ing  on r o o m  t e m p e r a t u r e  m e c h a n i c a l  
p r o p e r t i e s  is  shown in Fig .  5. F o r  t h e s e  t e s t s  b a r  
which was ex t ruded  a t  1339 K (1950~ was annea led  
for  10 h at  d i f fe ren t  t e m p e r a t u r e s  ove r  the r ange  
1255K (1800~ to 1589K (2400~ (Table  l'I). The 
y ie ld  and t ens i l e  s t r e n g t h s  d e c r e a s e  p r o g r e s s i v e l y  
with anneal ing  t e m p e r a t u r e  above 1311 K (1900~ to 
about  1533 K (2300~ where  g r a i n  c o a r s e n i n g  o c c u r s .  
R e c o v e r y  at  t e m p e r a t u r e s  above  1422 K (2100~ 
cause s  a d rop  in the y i e l d / t e n s i l e  r a t i o  and i n c r e a s e d  
work  ha rden ing  capab i l i t y .  The m a t e r i a l  f u r t h e r m o r e  
shows a m a r k e d  y ie ld  point  and y ie ld  point  ex tens ion  
when annea led  ove r  th is  t e m p e r a t u r e  range .  Gra in  
growth caused  by  the hea t  t r e a t m e n t s  was d e t e r m i n e d  
by  l inea l  a n a l y s i s  on r e p l i c a  m i c r o g r a p h s .  The r e l a -  
t ion be tween  y ie ld  s t r e s s  and a v e r a g e  g r a i n  i n t e r cep t  
length (NL) drawn as  a Pe tch  type plot  in Fig .  6 shows 
that  the change in y ie ld  s t r e n g t h  is  r e l a t e d  to the ob -  
s e r v e d  i n c r e a s e  in g r a i n  s i ze .  

The y ie ld  s t r e s s  is  a l so  inf luenced by  the d e g r e e  of 
r e c o v e r y  and p a r t i c l e  growth which m a y  occur .  C l e a r l y  
i n t e r a c t i o n s  be tween  the d i s p e r s o i d  p a r t i c l e s  and d i s -  
l oca t ions  should p l ay  a r o l e  in d e t e r m i n i n g  s t r eng th  in 
th is  m a t e r i a l .  The r e l a t i o n  in F ig .  6 t akes  no account  
of the i n t e r p a r t i c l e  spac ing  and s i ze  o r  of d i s loca t ion  
subce l l  s t r u c t u r e .  While  the va lue  of K = 3.16 . k g  -3/2 

Table II. Room Temperature Tensile Properties of Annealed In-853 

0.2 pet Yield 
Heat Treatment Strength U.T.S. Elong, R.A., 

Hours at Temperature, ~ MN/m 2, ksi MN/m 2, ksi pet pet 

10/1255 1606 (233) 1641 (238) 0.5 1.5 
10/1367 1475 (214) 1475 (214) 2 8 
10/1422 1227 (178) 1289 (187) 4 5.5 
10/1450 1062 (154) 1241 (180) 5 6.5 
10/1478 979 (142) 1207 (175) 6 8.5 
10/1506 738 (107) 1131 (164) 11 14.5 
10/1533 689 (100) 1007 (146) 12 16.5 
2/1589 696 (101) 1027 (149) 12 15.5 
10/1367 + 2/1589 641 (93) 986 (143) 11 16 
10/1422 + 2/1589 869 (126) 1161 (167) 8 11.5 
10/1450 + 2/1589 848 (123) 1179 (171) 10 14.5 
10/1478 + 2/1589 848 (123) 1207 (175) 12 15 
10/1506 + 2/1589 696 (101) 1145 (166) 15 13 
10/1533 + 2/1589 669 (97) 1013 (147) 12 13 

is  c o m p a r a b l e  with va lues  r e p o r t e d  for  v e r y  fine 
g r a ined  d i s p e r s i o n  s t r eng thened  a luminum,  8 i t  is  
h igher  than the va lue s  (0 .5 .  k g .  mm-3/2/2.0 �9 k g .  m m  3/2) 
g e n e r a l l y  r e p o r t e d  for  n icke l .  9 The e x t r a p o l a t e d  curve  
a l so  gave a va lue  of a ~ ~ - 344.7 MN/m ~. Fig .  7 i l l u s -  
t r a t e s  s c h e m a t i c a l l y  how g r e a t e r  r e c o v e r y  in m a t e r i a l  
annea led  to c o a r s e r  g r a i n  s i z e s  at  h igher  t e m p e r a t u r e s  
could l ead  to high va lue  for  K and a nega t ive  i n t e r cep t  
for  the curve .  Anneal ing  at  t e m p e r a t u r e  TI, giving r i s e  
to the  annea led  g ra in  s i ze  dz, p r o d u c e s  a g r e a t e r  d rop  
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in yield s t rength due to r ecove ry  than does annealing 
at the lower t empera tu re  T 2 which produces a s m a l l e r  
grain s ize d 2. As a r esu l t  the plot of yield s t r e s s  
against  grain s ize l ies  below and has a s t eepe r  slope 

(a) 

(b) 

F i g .  4 - - S t r u c t u r e  of I N - 8 5 3  a f t e r  g r a i n  c o a r s e n i n g .  

than would be expected if no r ecove ry  took place.  The 
plot is a s t ra ight  line as shown in Fig. 6 only when the 
~rop in yield s t rength due to r ecove ry  is also p ropor -  
t ional to the change in grain size.  

Elevated Tempera tu re  P roper t i e s :  Elevated t e m p e r -  
a ture  tensi le  and s t r e s s  rupture  p roper t i e s  of 1N-853 
differ according to the ma te r i a l  s tate and heat t r e a t -  
ment. Data for t es t s  at 1255K (1800~ 1311K (1900~ 
and 1367 K (2000~ on ma te r i a l  in a) as -ex t ruded ,  b) 
fine grained annealed, and c) grain coarsened condi-  
t ions (Table Ill) show the high strength developed 
through grain coarsening.  The al loy shows low strength 
in both the a s - ex t ruded  and annealed conditions, but a 
marked difference in deformation cha rac t e r i s t i c s  is 
observed (Fig. 8). In cont ras t  with the behavior  of a s -  
extruded mate r ia l ,  the al loy did not neck in the tensi le  
gage sect ion af te r  annealing, although s i m i l a r  elonga- 
t ions were obtained. 

To examine this difference in more detail ,  e levated 
t empera tu re  tens i le  t es t s  were made at var ious  s t r a in  
r a t e s  on IN-853 bar .  Mater ia l  was in the a s -ex t ruded  
condition or  given one of seve ra l  different  r ecove ry  
heat  t r ea tments  to develop a range of room t e m p e r a -  
ture  yield s t rengths  down to that of secondary  r e c r y s -  
ta l l ized  mate r ia l .  Tests  were pe r fo rmed  at t e m p e r a -  
tu res  ranging from 922 K (1200~ up to 1367 K (2000~ 
and at s t ra in  r a t e s  ranging from 0.001/min. up to 1.0/  
min. Strain ra te  exponents ranged f rom 0.15 at 922 K 
(1200~ down to 0.11 at 1367K (2000~ extruded 
ma te r i a l ;  and between 0.1 at 922 K (1200~ down to 
0.03 at  t empera tu re s  above 1200 K (1700~ for coa r se  
grained r e c r y s t a l l i z e d  mate r ia l .  Strain ra te  exponents 
were genera l ly  close to 0.15 for  fine grained recovered  
IN-853 over the whole t empera tu re  range. The grain 
s ize of annealed specimens  va r ied  by a factor  of at 
leas t  three  but the e levated t empera tu re  flow s t r e s s  
var ied  l i t t le  with the r ecove ry  annealing t rea tment  
despite considerable  var ia t ions  in room tempera tu re  

Table III. Elevated Temperature Mechanical Test Data on In-853 Bar in Extruded, Fine Grain Annealed and Coarse Grain Annealed Conditions 

Material Condition 

0.2 pct Yield Stress at U.T.S. at 
Strain Rate 0.005/rain Strain Rate 0.05/min 

Test Temp, ~ MN/m 2 (ksi) MN/m 2 (ksi) Elong, pct R.A., pct 

Tensile Tests 
As Extruded 1255 35.9 (5.2) 54.0 (7.8) 56 64 
Annealed 10/1450K 1255 29.0 (4.2) 62.0 (9.0) 38 
Annealed 2/1589K 1255 159.0 (23.0) 179.0 (25.9) 15 29 
As Extruded 1311 19.3 (2.8) 32.4 (4.7) 60 64 
Annealed 10%1450K 1311 13.8 (2.0) 29.6 (4.3) 49 
Annealed2/1589K 1311 141.0 (20.4) 159.0 (23.1) 12 27 
As Extruded 1367 10.3 (1.5) 20.7 (3.0) 63 64 
Annealed 10/1450K 1367 9.7 (1.4) 20.7 (3.0) 39 
Annealed 2/1589K 1367 129.0 (18.7) 147.0 (21.4) 12 25 

Material Condition 

Stress 

MN/m 2 (ksi) Rupture Life, h Elong, pct R.A., pct 

As Extruded 

Annealed 10/1450K 

Annealed 2/1589K* 

*Typical value for extruded bar fully heat treated 2/1589 + 2/978K. 
tStrain rate increased ten-fold after 0.2 pct offset. 

1900~ Stress Rupture Tests 
13.8 (2.0) 8.4 16 9 
20.7 (3.0) 0.6 36 22 
10.3 (1.5) 14.6 12 6 
17.2 (2.5) 0.9 20 14 
27.6 (4.0) 0.1 30 22 

121.0 (17.5) 100.0 8 8 
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Fig.  6 - - T h e  relation between yield s t res s  and average grain 
intercept length (NL) after annealing heat treatments.  

strength (Fig. 9). Coarse grained material was much 
stronger and showed a different variation of strength 
with temperature. 

Activation energies for the high temperature defor- 
mation processes  were estimated from the test data. 
This was done by plotting the true strain rate corre-  

Fig. 8--Tensi le  deformation of IN-853 tested at 1311 K (1900~ 
in different heat treated conditions. (a) as-extruded,  (b) an- 
nealed 10 h /1450K (2150~ (c) annealed 2 h/1589 K (2400~ 

sponding to a fixed true flow stress  versus  reciprocal 
temperature and determining the slope of the graph. 
Results are summarized in Table IV. At the high tem- 
peratures (i144 K to 1367K) (1600~ to 2000~ 
activation energy varied with the degree of recovery 
as illustrated by a plot of activation energy versus  
room temperature yield strength (Fig. 10); it ranged 
from about ~ 712 ki lojoules/mole for extruded mate- 
rial, down to ~ 325 ki lojoules/mole for material an- 
nealed for 48 h at 1450 K (2150~ Coarse grained 
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Table IV.  Activation Energies for High Temperature Deformation 
of Annealed In-853 

Room 
Activation Energy Temperature 

Annealing Yield Strength Stress Temperature Q 

Treatment MN/m z (ksi) MN/m 2 (ksi)  Range, ~ Kilojoules/mole 

Asextruded 1517 (~220) 138 (20) 1144-1367 720 
138 (20) 922-1033 ~260 

2 h/1450K 1275 (185) 138 (20) 1144-1367 ~527 
138 (20)  922-1089 331 

lOh/1450K 1089 (158) 138 (20) 922-1367 427 
48 h/1450K 896 (130) 138 (20) 1200-1367 347 

138 (20) 922-1144 414 
0.5 h/1589K 738 (107) 172 (25) 1200-1367 1000 

552 (80) 922-1033 297 

recrystal l ized material also showed high activation 
energies for high strain rate deformation in this tem- 
perature range. Similar high values of apparent acti-  
vation energy have been reported for creep in coarse 
grained material z~ though these values cannot be ex- 
plained at the present time. 

At lower temperatures (922 K to 1089 K) (1200~ to 
1500~ activation energies ranging between about 251 
ki lojoules/mole and 377 ki lojoules/mole were ob- 
served for all of the different heat treated materials. 

The results show that the mechanism controlling 
deformation in IN-853 varies  with the degree of re -  
covery and the test temperature. At low temperatures 
deformation appears to be governed by mechanisms 
having activation energies typical of self  diffusion 
which suggests control by dislocation motion. At higher 
temperatures the same holds true for material which 
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INITIAL ANNEALING T E M P E R A T U R E  

Fig. l l - - R o o m  t e m p e r a t u r e  strength,  and grain s tructure  of 
IN-853 annealed 2 h at 1589 K (2400~ after anneal ing  for 10 h 
at var ious  t e m p e r a t u r e s .  

has been given heat treatments to produce a substan- 
tial degree of recovery.  

Grain Coarsening and Mechanical Properties 

Grain coarsening in IN-853 is influenced by prior 
heat treatment. Annealing below the critical tempera- 
ture can modify the subsequent grain growth response 
or eliminate it entirely. Data from Table II plotted in 
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Fig. 11 shows the effect on room temperature strength 
and grain s tructure of annealing for 2 h at 1589 K 
(2400~ samples which had been previously annealed 
for 10 h at various temperatures.  Grain coarsening 
to elongated grains occurred in samples given prior 
anneals up to 1367 K (2000~ and tensile properties 
were similar  to material  given a single anneal above 
the cri t ical  temperature to achieve coarsening. As 
the prior  annealing temperature was increased from 
about 1367 K (2000~ to 1423 K (2100~ the material  
coarsened to progress ively  more equiaxed structures  
and the coarsening response gradually degenerated. 
Pr ior  annealing in the temperature range 1423 K to 
1506 K (2100~ to 2250~ destroyed the grain coars -  
ening behavior and the material  remained fine grained 
after annealing at 1589 K (2400~ Some further growth 
of the fine grains did occur on annealing at 1589 K 
(2400~ which caused a further reduction in strength 
for samples annealed initially at temperatures  up to 
1478 K (2200~ Annealing at 1589 K (2400~ had lit- 
tle effect on the propert ies of samples annealed ini- 
tially at temperatures  between 1578 K (22000F) and 
1533 K (2300~ because these were already coarsened 
to elongated grains. 

C ONC LUSIONS 

I. In the extruded condition, dispersion strength- 
ened nlckel-base superalloy bar, made from mechan- 
ically alloyed powder, generally has a recrystal l tzed 
fine grained structure of less than one micron diam- 
eter. 

2. Annealing above a certain crit ical temperature,  

~ 1506 K (~ 2250~ causes an abrupt increase tn grain 
size to a coarse elongated grain s tructure (typically 
5 ram. x 0.2 ram.). 

3. Annealing between 1367K (2000~ 1506 K 
(2250~ causes recovery  and slight grain growth, and 
prevents the rapid grain growth behavior. 

4. As-extruded bar is strong at room temperature 
and weak at high temperature.  Material heat treated 
to a coarse elongated grain structure has lower room 
temperature tensile properties but high elevated tem-  
perature strength. 

5. High activation energies are obtained for high 
temperature deformation in extruded bar.  The mecha-  
nisms leading to these values are  not understood. Ac- 
tivation energies obtained for high temperature defor-  
mation in recovered material  suggest that self diffu- 
sion ts rate controlling in this condition. 
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