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A c o r r e l a t i o n  was found to e x i s t  be tween  c r e e p  l ife a t  1800~ (1255 K) and the volume 
p e r c e n t  of un i fo rmly  d i s p e r s e d  fine (<0.5 prn) g a m m a  p r i m e  (y')  p r e c i p i t a t e  in d i r e c t i o n -  
a l ly  so l id i f i ed  (DS) M a r - M 2 0 0  + Hf tu rb ine  b lade  ca s t i ngs .  A t h r e e - f o l d  i n c r e a s e  in c r e e p -  
r u p t u r e  l i fe  was r e a l i z e d  when the amount  of fine ~ '  i n c r e a s e d  f r o m  about  the 30 pc t  l eve l  
to a p p r o x i m a t e l y  a 45 vol  pc t  l eve l .  Heat  t r e a t m e n t  s tud i e s  r e v e a l e d  that  the amount  of 
f ine y '  deve loped  in this  a l loy  is s t rong ly  dependent  on so lu t ion  t e m p e r a t u r e ,  e s p e c i a l l y  
in the r ange  f r o m  2160 to 2210~ (1455 to 1483 K). H ighe r  so lu t ion  t e m p e r a t u r e s  p r o -  
mote  the deve lopmen t  of g r e a t e r  amounts  of f ine y '  by m o r e  comple t e  so lu t ion ing  of the 
c o a r s e  y '  and eu tec t i c  y - y '  cons t i tuen t s  which subsequen t ly  r e p r e c i p i t a t e  as  f ine r '  upon 
cool ing and aging.  

D I R E C T I O N A L L Y  so l id i f i ed  (DS) Mar -M200  + Hf* 

*Nominal compositmn (wt pct): 0.14(2, 9Cr, 10Co, t2W, 5AI, 1Cb, 2Ti, 2Hf, 
0 015B, 0.08Zr, balance I'h (Hafmum was added to the base DS Mar-M200 alloy 
for improved transverse ductahty, t'e) 

i s  a ~ '  [Ni3(A1, Ti)]  ha rdened  n i c k e l - b a s e  s u p e r a l l o y  
with exce l l en t  high t e m p e r a t u r e  c r e e p  capab i l i ty .  The  
s u p e r i o r  c r eep  capab i l i ty  of DS Mar -M200  + Hf and 
o the r  d i r e c t i o n a l l y  so l id i f i ed  s u p e r a l l o y s ,  c o m p a r e d  
to convent iona l ly  cas t  y '  ha rdened  s u p e r a l l o y s ,  is  
l a r g e l y  the r e s u l t  of the e l i m i n a t i o n  of g ra in  bound-  
a r i e s  o r i e n t e d  t r a n s v e r s e  to the m a j o r  s t r e s s  ax i s .  3-~ 
In the ca se  of DS Mar -M200 ,  the (100} p r e f e r r e d  cube 
o r i en t a t i on  of the co lumnar  g r a in s  may a l so  be con- 
t r ibu t ing  to i m p r o v e d  c r e e p  r e s i s t a n c e ,  p a r t i c u l a r l y  in 
the 1400 to 1600~ (1033 to 1144 K) t e m p e r a t u r e  r a n g e  
where  K e a r  and P i e a r c e y  found a s t r o n g  c r e e p  de -  
pendency  on o r i en t a t i on  in s ing le  c r y s t a l  Mar -M200 .  6 
A th i rd  f ac to r  which a f fec t s  high t e m p e r a t u r e  c r e e p  
r e s i s t a n c e  of DS Mar -M200  + Hf i s  the high vo lume 
p e r c e n t  of y '  in this  a l loy  (~60 vol  pct) .  The e f fec t ive -  
ne s s  of y '  s t r eng then ing  is  dependent  not only on the 
vo lume p e r c e n t  but a l so  on the s i ze  and d i s t r i bu t i on  
of the  p r e c i p i t a t e  which is deve loped  du r ing  s o l i d i f i -  
ca t ion  and hea t  t r e a t m e n t 7  A fine un i fo rm ~.' d i s p e r -  
s ion  can p r o v i d e  op t imum c r e e p  r e s i s t a n c e  at  a given 
vo lume f r a c t i o n  of p r e c i p i t a t e ,  In a complex  cas t  
a l loy  such as  Mar -M200 ,  the c h a r a c t e r  of the y '  p r e -  
c ip i t a t e  which is  deve loped  can be  e x t r e m e l y  v a r i a b l e  
due to s e g r e g a t i o n  and cool ing r a t e  e f fec t s .  1 L a r g e  
amounts  of y - y '  eu tec t i c  phase  and c o a r s e  ~ '  (>1.0 pro), 
which a r e  deve loped  du r ing  so l id i f i ca t ion ,  can account  
fo r  up to 40 vol  pet  of the ~-60 vol  pet  y '  in Mar -M200 .  
Thus ,  only 20 vol  pe t  of the to ta l  y '  may be ava i l ab l e  
fo r  p r e c i p i t a t i o n  as  a f ine (<0.5 /an) un i fo rm d i s p e r -  
s ion .  

Solut ion hea t  t r e a t m e n t s  at  t e m p e r a t u r e s  su f f i c ien t ly  
high to homogenize  the a l loy  and d i s s o l v e  c o a r s e  Y' 
and eu tec t i c  ~ - 7 '  cons t i tuen t s  fo r  r e p r e c i p i t a t i o n  in 
the fo rm of a un i fo rm fine ~'  d i s p e r s i o n  have been  
shown by P i e a r c e y  et al 8,9 to improve  the longi tud ina l  
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( p a r a l l e l  to growth d i rec t ion)  c r e e p  capab i l i ty  of DS 
Mar -M200 .  In th is  inves t iga t ion ,  the ef fec t  of so lu t ion  
heat  t r e a t m e n t  t e m p e r a t u r e  on the amount  and d i s t r i -  
but ion of each  fo rm of ~'  phase  (eutec t ic ,  c o a r s e  and 
fine) in DS Mar -M200  + Hf c a s t - t o - s i z e  tu rb ine  b l ades  
was examined .  C r e e p  r e s i s t a n c e  of b lade  ca s t i ngs  is  
c o r r e l a t e d  with the m i c r o s t r u c t u r e  v a r i a t i o n s  p r o -  
duced by the r a n g e  of so lu t ion  t e m p e r a t u r e s  encount-  
e r e d  in n o r m a l  p roduc t ion  hea t  t r e a t m e n t s .  

EXPERIMENTAL PROCEDURES 

Turb ine  b l a d e s  of DS M a r - M 2 0 0  + Hf were  c a s t - t o -  
s i ze  in va r i ous  so l id  and hollow conf igura t ions  us ing  
c u r r e n t  p roduc t ion  p r o c e s s e s .  Sec t ions  of the hollow 
b lade  cas t ings  we re  used  fo r  so lu t ion  heat  t r e a t m e n t  
s tud i e s  d e s c r i b e d  below.  The so l id  b lade  ca s t i ngs  
we re  machined  into longi tud ina l  c r e e p  s p e c i m e n s  for  
t e s t i n g  in a i r  at 1800~ (1255 K) and 32 KSI (220 M N /  
m~). P r i o r  to machining,  the so l id  b lade  cas t ings  were  
given a nomina l  s t a n d a r d  hea t  t r e a t m e n t  in product ion  
f a c i l i t i e s  a s  fo l lows :  a so lu t ion  at  2200~ • 20~ (1477 K 
• 11 K) /2  h /AC,  a s t a n d a r d  b lade  coa t ing  dif fus ion 
cyc le  at  1975~ (1353 K) /4  hfAC and a p r e c l p l t a h o n /  
ag ing  t r e a t m e n t  at  1600~ (1144 K) /32  h fAC.  The hol-  
low b lade  s e c t i o n s  w e r e  so lu t ion  heat  t r e a t e d  for  a 
m i n i m u m  of 2 h at  t e m p e r a t u r e s  f rom 2140 to 2250~ 
(1444 to 1505 K) in l a b o r a t o r y  f u r n a c e s  with the t e m -  
p e r a t u r e s  m e a s u r e d  us ing  P t / P t - 1 0  Rh t h e r m o c o u p l e s  
and ma in ta ined  within :~5~ 0:3 K) throughout  the ex-  
p e r i m e n t s .  

The  m i c r o s t r u c t u r e s  of the so lu t ion  heat  t r e a t e d  
b lade  s ec t i ons  and the c r e e p  s p e c i m e n s  a f t e r  t e s t  
we re  eva lua ted  us ing  convent iona l  m e t a l l o g r a p h i c  and 
r e p l i c a t i o n  techniques  to d e t e r m i n e  the amount  and d i s -  
t r ibu t ion  of eu t ec t i c  y - y ' ,  c o a r s e  ~ '  (>1.0 pro) and f ine 
y '  (<0.5 g.m) in each  s a m p l e .  (The coa t ing  and aging 
hea t  t r e a t m e n t s  did not  s ign i f i can t ly  a l t e r  the amount  
of c o a r s e  y '  and y - y '  eu tec t i c  p r e s e n t  c o m p a r e d  with 
the a s - s o l u t i o n e d  condit ion.)  The to ta l  vol  pct  y '  in the 
a l loy  was d e t e r m i n e d  us ing  s t a n d a r d  phase  ex t r ac t i on  
methods . i~  The vo lume p e r c e n t s  of eu tec t i c  r - Y '  and 
c o a r s e  y '  we re  d e t e r m i n e d  by a r e a  m e a s u r e m e n t s  
and point  count ing techniques  on r e p r e s e n t a t i v e  photo-  
m i c r o g r a p h s  taken at  v a r i o u s  magn i f i ca t ions  f rom 250 
to 7000 t i m e s .  By a method of d i f f e r e nc e s ,  the vol  pc t  
of fine v '  ( h e r e a f t e r  Vf) was ca l cu l a t ed  b a s e d  on the 
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measured  total  7 '  level in the al loy of approximate ly  
60 vol pct. A minimum of three  locations per  sample  
were photographed and measured  to calculate  ~ .  Re-  
sults  of those calculat ions indicated an approximate  
s tandard  deviation of ~3 vol pct in the values of ~ for 
a given sample.  Creep- rup tu re  tes ts  were per formed  
using a s tandard  constant- load creep f rame.  

RESULTS 

1. Effect of Solution Tempera tu re  
on Mic ros t ruc tu re  

The a s - c a s t  m ic ros t ruc tu re  of a hollow blade cast ing 
of DS Mar-M200 + Hf shown in Fig .  1 consis ts  of a 7 
nickel  sol id  solution containing a d i spe rs ion  of var ious  
s izes  of y '  prec ip i ta te ,  d i sc re t e  MC and M23C~ carbide  
pa r t i c l e s ,  and a 7 -7 '  eutect ic  constituent. Elementa l  
segregat ion during sol idif icat ion r e su l t s  in the fo rma-  
tion of a r e a s  of coarse  Y' (A) near  the in te r s t i ces  be-  
tween secondary  dendri te  a rms  and re la t ive ly  large 
a r e a s  of Y-Y" eutectic (B) as well as assoc ia ted  ca r -  
bides (C) at grain boundaries  and in the in terdendr i t ic  
regions between p r i m a r y  dendri te  a r m s .  Relat ively 
coarse  7 '  pa r t i c l es  (~1.0 /~n) were  also p resen t  in 
the dendri te  core  a r e a s  of the a s - c a s t  sample  (D). 

The mic ro s t ruc tu r e s  of blade sect ions solution heat 
t rea ted  at t empera tu res  f rom 2140 to 2250~ (1444 to 
1505 K) for a minimum of two h show a gradual  r e -  
duction in the amount of coarse  ~,' and the eutect ic  y - y '  
phase with inc reased  solution t empera tu re ,  Fig.  2. 
F igure  3 shows the 7 '  s ize and morphology in dendri te  
cores  and near  in te r s t i ces  for samples  solution heat 
t rea ted  at var ious  t empera tu res .  A reduction in the 
amount of coarse  y '  in both the dendri te  core and in- 
t e rdendr i t i c  regions occurs  with increased  solution 
t empera tu re ,  At approximate ly  2200~ (1477 K), the 
coa r se  cuboidal 7 '  is  e l iminated f rom the dendri te  
core  regions .  The remain ing  coarse  y '  near  the den- 
d r i t e  in te r s t i ces  is completely d issolved af ter  a 
2225~ (1491 K) solution t rea tment .  The amount of 7- 
Y' eutectic constituent a lso  dec reased  with inc reased  
solution t empera tu re  and only isola ted regions r e -  
mained af ter  a 2250~ (1505 K) solution heat t r e a t -  
ment for 4 h. P iea rcey  et al 6 repor ted  that complete 
homogenization of the DS Mar-M200 al loy requi red  a 
2250~ (1505 K) solution t rea tment  for at  l eas t  100 h, 
an observat ion which is consistent  with the above find- 
ings. The observed increase  in the fine 7 '  s ize  f rom 
~0.1 pm to ~0.3 pm (see Fig.  3) when the solution 
t empera tu re  increased  f rom 2225 to 2250~ (1491 to 
1505 K) is bel ieved to be caused by a re la t ive ly  slow 
cooling through the 2250 to 2200~ (1505 to 1477 K) 
range where diffusion ra t e s  a re  high and p rec ip i t a te  
growth is enhanced. 

Although somet imes  a problem in large  segrega ted  
cast ings,  incipient melt ing was not observed in the hol- 
low blade segments used in this study, even at the high- 
es t  solution t empera tu re  of 2250~ (1505 K). Advances 
in DS cast ing technology over the past  s eve ra l  yea r s  
have resul ted  in reduced levels  of segregat ion  and 
hence a gradual  inc rease  in incipient melt ing tem-  
pe ra tu res .  

Solution heat t rea tment  of DS Mar-M200 + Hf at tem- 
pe ra tu r e s  above 2200~ (1477 K) has the advantages of 
a) improving alloy homogeneity, b) pa r t i a l ly  solut ion- 
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ing the 7 - y '  eutect ic ,  and c) d issolving coarse  7' .  thus 
making more A1 + Ti  avai lable  for subsequent r e p r e -  
cipitation in the form of fine 7 '  (<0.5 pan). The influ- 
ence of the observed ref inement  and red is t r ibu t ion  
of Y' on creep r e s i s t ance  of DS Mar-M200 + Hf is de-  
sc r ibed  below. Figure  4 shows the effect of solution 
t empera tu re  on Vf. The sharp  inc rease  in Vf from 
2160 to 2200~ (1455 to 1477 K) r e su l t s  from the rapid  
solutioning of coarse  7 '  with t empera tu re  over this 
t empera tu re  range as shown in Fig .  2. The more 
gradual  inc rease  in Vf f rom 2200 to 2250~ (1477 to 
1505 K) r ep re sen t s  the more  sluggish solutioning of 

(a) 

(bJ 

(c) 

Fig. 1--As-cast mierostructure of DS Mar-M200 + Hf turbine 
blade casting; (a) transverse section, (b) longitudinal section, 
(c) dendrite core of longitudinal section. Note coarse 7 ~ in the 
interstices (A) and dendrite core (D) and the T-7 '  eutectic (B) 
and carbides (C) in the interdendritic regions. 
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(r (d) 

(b) (e) 

(c) (]) 

Fig. 2--Microstructure of DS Mar-M200 + Hf turbine blade castings solution heat treated at the temperatures indicated; (a) 214(}~ 
(1444 K), (b) 2160~ (1455 K), (c) 2180~ (1466 K), (d) 2200~F (1477 K), (e) 2225~ (],491 K) and (f) 2250~ (1511 K). 

the  7~:v ' eu tec t i c  cons t i tuent .  T h e  m o s t  no tab le  f e a t u r e  
of  the  V f  vs  so lu t ion  t e m p e r a t u r e  c o r r e l a t i o n  i s  the  
wide r a n g e  of ~ f  va lues  which can r e s u l t  within a r e l a -  
t i ve ly  n a r r o w  r a n g e  of hea t  t r e a t m e n t  t e m p e r a t u r e s .  
Th i s  is  p a r t i c u l a r l y  ev iden t  n e a r  the  s t eep  po r t i on  of  
the curve  in F ig .  4. F o r  example ,  the so lu t ion  t e m -  
p e r a t u r e  t o l e r a n c e  of =~20~ (~=tl K) for  a s t a n d a r d  
2200~ (1477 K) so lu t ion  hea t  t r e a t m e n t  of  b l ade  c a s t -  
ings  can r e s u l t  in  a r ange  of !~) va lue s  a s  l a r g e  a s  31 
vot  pc t  [~)~ = 22 vo l  pc t  a t  2180~ (1466 K) to 53 v o l  
pc t  a t  2220~ (1488 K)]. The  effect  of such  a wide 
v a r i a t i o n  in I N on c r e e p  r e s i s t a n c e  can be  s ign i f i can t  
a s  d i s c u s s e d  below.  

2. Ef fec t  of Vo lume  P e r c e n t  F i n e  yr  on C r e e p  
R e s i s t a n c e  

T h e  e x a m i n a t i o n  of  c r e e p  s p e c i m e n s  mach ined  f r o m  
so l id  t u rb ine  b l a d e s  which we re  so lu t ion  heat  t r e a t e d  
at  2200~ + 20~ (1477 K + 11 K) r e v e a l e d  v a r i e d  m i -  
c r o s t r u c t u r e s  as  shown in F ig .  5. Al though p a r t  g e o m e -  
t r y  and spec i f i c  ca s t i ng  p r o c e s s  p a r a m e t e r s  can inf lu-  
ence  r e s u l t a n t  m i c r o s t r u c t u r e s ,  it  is  m o r e  l ike ly  that ,  
for  the conf igura t ions  examined ,  the  v a r i a t i o n  in the  
amount  of c o a r s e  ~r and eu t ec t i c  V-~ ~' shown in F i g .  5 
a r e  due to so lu t ion  t e m p e r a t u r e  v a r i a t i o n s  within the 
s t a n d a r d  2200~ • 20~ (1477 K :~ 11 K) so lu t ion  t r e a t -  
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(d) 

r (e) 

r (/) 

Fig. 3--Electron plaotomicrographs of DS Mar-M200 + Hf turbine blade castings solution heat treated at the temperatures indi- 
cated: (a) 2140~ {1444 K), dendrite core; (b) 2160~ (1455 K), dendrite core; (c) 2180~ (1466 K) near dendrite interstice; 
~d) 2200oF (1477 K) near dendrite interstice;(e) 2225~ (1491 K), dendrite core; (/) 2250~ {1505 K), dendrite core. 

ment  r ange .  The  l eve l  of f ine ~ '  o b s e r v e d  among the 
s a m p l e s  examined  r anged  f rom 21 to 46 vol  pct ,  which 
is  within the s c a t t e r  band of da t a  shown in F ig .  4 fo r  
th is  so lu t ion  hea t  t r e a t m e n t  r ange .  

R e s u l t s  of 1800~ KSt (1255 K/220  I ~ / m  e) c r e e p -  
r u p t u r e  t e s t s  for  the m a c h i n e d - f r o m - b l a d e  s p e c i m e n s  
a r e  p lo t ted  in F ig .  6 a s  a funct ion of Vf, The i n c r e a s e  
in r u p t u r e  l i fe  with Vf shown in th is  p lot  ind ica tes  that  
the  amount  of f ine 7 '  p l a y s  a s ign i f i can t  r o l e  in the  
1800~ (1255 K) c r e e p  r e s i s t a n c e  of DS M a r - M 2 0 0  
+ Hf. B a s e d  upon the c o r r e l a t i o n  in F ig .  6, the a v e r -  
age  1800 F / 3 2  KSI (1255 K/220  M N / m  e) r u p t u r e  l i fe  of 
DS M a r - M 2 0 0  + Hf b l ades  i n c r e a s e d  by a p p r o x i m a t e l y  
a f ac to r  of t h r e e  (40 h vs 120 h) as  Vf i n c r e a s e d  f r o m  
30 to 45 vol  pc t .  Even g r e a t e r  i n c r e a s e s  in r u p t u r e  

l i fe  may  be  p o s s i b l e  a s  the m a x i m u m  l eve l  of 60 vol  
pc t  f ine N' is  app roached .  C r e e p - r u p t u r e  t e s t s  on t u r -  
b ine  b lade  s p e c i m e n s  so lu t ion  heat  t r e a t e d  at  2250 to 
2260~ (1505 to 1511 K) have r e s u l t e d  in r u p t u r e  l i v e s  
of up to 200 h at  1800~ KSI (1255 K/'220 MN/m-~). 12 
P o s t - t e s t  examina t ion  of t he se  s p e c i m e n s  r e v e a l e d  
that  Vf l eve l s  above 55 vol  pct  had been  ach ieved .  

DISCUSSION 

The concept  of m a x i m i z i n g  the c r e e p  r e s i s t a n c e  of 
7 '  s t r e n ~ h e n e d  n i c k e l - b a s e  s u p e r a l l o y s  by hea t  
t r e a t i n g  to deve lop  a un i fo rm d i s p e r s i o n  of f ine y '  
(i.e., m a x i m i z e  T -y '  i n t e r f a c i a l  a r ea )  is  we l l  e s t a b -  
l i shed .  However ,  quant i t a t ive  da ta  which d e m o n s t r a t e  
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Fig. 4--Effect of solution temperature on the volume percent 
fine "y~ in DS Mar-M200 + I-If. 

(a) 

(c) 

the inf luence of a given amount  of the fine u  d i s p e r s i o n  
on c r e e p  r e s i s t a n c e ,  p a r t i c u l a r l y  for  a complex  al loy 
such as DS Mar -M200  + Hf, have not p r e v i o u s l y  been 
publ ished.  The rup tu re  l ife vs Vf s tudies  d e s c r i b e d  
above have shown that the 1800~ (1255 K) c r e e p  r e -  
s i s t ance  of DS Mar-M200 + Hf s teadi ly  i n c r e a s e d  as 
the vo lume  f r ac t ion  of un i form fine y '  i n c r e a s e d  and 
the amount  of c o a r s e  : / a n d  ~ - y '  eu tec t i c  cons t i tuents  
d e c r e a s e d .  The  i n c r e a s e  in c r eep  r e s i s t a n c e  was e s -  
pec ia l ly  apparen t  at ~ va lues  above 35 vol  pct .  The 
quant i ta t ive  m e c h a n i s m s  r e spons ib l e  for the improved  
c r e e p  r e s i s t a n c e  with i n c r e a s e d  Vy a r e  not known at 
this t ime  but i n c r e a s e d  y - y '  i n t e r r ac i a l  a r e a  and de-  
c r e a s e d  i n t e r p a r t i c l e  spac ing  a s soc i a t ed  with a uni- 
f o r m  d i s t r ibu t ion  of fine ~ '  a r e  the mos t  l ikely  con t r i -  
but ing f ac to r s .  Examina t ion  of the c r eep  cu rves  fo r  
low and high Vf s p e c i m e n s  f r o m  another  inves t iga t ion  12 
r e v e a l e d  that m in im um  c r e e p  r a t e  (MCR) was r educed  
as Vf was inc rea sed .  (Specimen s~ze l imi ta t ions  did not 
p e r m i t  a ccu ra t e  c r e e p  r a t e  m e a s u r e m e n t s  on the ma-  
c h i n e d - f r o m - b l a d e  s p e c i m e n s  examined  in this inves -  
t igat ion.)  This  d e c r e a s e  in MCR with i n c r e a s e d  Vf is 
cons i s t en t  with the i n c r e a s e d  d i s l o c a t i o n / p a r t i c l e  
in t e rac t ion  which might  be expected  as the vo lume 
f r ac t ion  of f ine un i formly  d i s t r ibu ted  ~ '  p a r t i c l e s  is  
i n c r e a s e d  and i n t e r p a r t i c l e  spac ing  d e c r e a s e d .  

(b) 
Fig. 5--Mierostructure of variation observed in DS Mar-M200 
+ Hf turbine blade castings heat treated in production facilities 
at 2200~ + 20~ (2) AC + 1975~ (4) AC + 1600~ (32) AC 
[1477 K + 11 K (2) AC + 1353 K (4) AC + 1144 K (32) AC]. Note 
the varying amount of coarse 3" in the interstices (arrows); 
(a) light, (b) moderate, and {c) heavy. 

Fig. 6--Correlation between 1800~ KSI [1255 K/220 MN/ 
m ~] creep-rupture life and vol pct fine 2/ in DS Mar-M200 
+ Hf turbine blade castings. 
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A s  s h o w n  b y  t he  ~e  v s  s o l u t i o n  h e a t  t r e a t m e n t  t e m -  
p e r a t u r e  s t u d i e s ,  a c r i t i c a l  t e m p e r a t u r e  r a n g e  (2160 
to N2210~ [1455 to ~ 1 4 8 3  K] e x i s t s  f o r  DS M a r - M 2 0 0  
+ Hf o v e r  w h i c h  t ~  c a n  v a r y  s i g n i f i c a n t l y ,  A b o v e  t h a t  
r a n g e ,  l~)~ i s  r e l a t i v e l y  c o n s t a n t  a n d  t h e r e f o r e ,  in  o r d e r  
to  a s s u r e  t h a t  t h e  h i g h e s t  l e v e l  of  f i n e  V' i s  a t t a i n e d ,  
s o l u t i o n  t e m p e r a t u r e s  a b o v e  t h a t  c r i t i c a l  r a n g e  s h o u l d  
b e  u s e d .  T h e  s o l u t i o n  t e m p e r a t u r e / V f / / r u p t u r e  l i f e  r e -  
l a t i o n s h i p s  f o u n d  f o r  DS M a r - M 2 0 0  + Hf c a n  p r o b a b l y  
b e  e x t e n d e d  to  o t h e r  V'  s t r e n g t h e n e d  DS a l l o y s .  H o w -  
e v e r ,  t h e  p r a c t i c a l  a p p l i c a t i o n  of  h i g h e r  s o l u t i o n  t e m -  
p e r a t u r e  h e a t  t r e a t m e n t s  m u s t  t a k e  i n to  c o n s i d e r a t i o n  
t h e  p o t e n t i a l  i n c i p i e n t  m e l t i n g  p r o b l e m s  a s s o c i a t e d  
w i t h  h e a v i l y  s e g r e g a t e d  p a r t s ,  

CONC LUSIONS 

I) The vol pct of fine y'  developed in DS Mar-M200 
+ Hf increases significantly with solution temperature 
in the range of 2160~ (1455 K) to approximately 
2210~ (1483 K). Above 2210~ (1483 K), Vf is rela- 
tively constant. The increase in Vf with increased 
solution temperature is due to the gradual solutioning 
of the coarse y'  and eutectic y-y' constituents and 
subsequent reprecipitation of a uniform dispersion of 
fine y~ on cooling. 

2) The 1800~ (1255 K) creep-rupture life of DS 
Mar-M200 + Hf is dependent on the vol pct of fine y'  
developed during heat treatment. Rupture life in- 
creases steadily as V~ approaches the maximum at- 
tainable level of 60 vol pct for this alloy. 

3) M a x i m u m  1800~ (1455 K) c r e e p  l i f e  f o r  DS M a r -  
M200  + Hf b l a d e  c a s t i n g s  i s  a c h i e v e d  w h e n  t he  h i g h e s t  
p o s s i b l e  s o l u t i o n  t e m p e r a t u r e s  a r e  u s e d .  T h e  s o l u t i o n  
t e m p e r a t u r e  l i m i t ,  h o w e v e r ,  m u s t  b e  d e t e r m i n e d  b y  
i n c i p i e n t  m e l t i n g  c o n s i d e r a t i o n s  w h e r e  h e a v y  s e g r e g a -  
t i o n  i s  p r e s e n t .  
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