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SUMMÀRY

T h p  t h e n r w  o f  n r d e r  h a r r l e n i n c  i S  U S e d  t O  C a l C U I a t e  t h e  C O n -! r r e  u r r e v ! f

t r l b u t i o n  t o  t h e  s h e a r  s t r e s s  o f  a  s u p e r l a t t i c e  d i s l o c a t i o n  i - n

a  b i n a r y  A L - L i  a l l o y  w i t h  2 . 9  v o l u m e  p e r c e n t  o f  s m a l f  5 r ( L ' 1  , ,
A 1 " L i )  p r e c i p i t a t e s  ( R  =  7 . 2  n m ) .  T h e  m e a s u r e d  i n c r e a s e  o f  y i e l d

s t i e s s  i s  i n  r e a s o n a b l e  a g r e e m e n t  w i t h  t h e  c a l c u l a t e d  v a l u e .  F r o m

! L ^  ^ ^ ^ - - ^ + i ^ -  ^ 4L r r s  D s } , a ! q . - - , ,  - i  .  
" r . r n . t r a t t i c e  

d i s l o c a t i o n  t h e  A P B  e n e r g y  o f

A l - L i  i s  c a l c u l a t e d  t o  b e  1 3 9  m l / m 2 .  O r o w a n  l o o p i n g  o c c u r s  a r o u n d
J

l a r g e r  6 ' p r e c i p i t a t e s  w i t h  r a d i u s  6 8  n m  ( 4 . 5  v o l u m e  p e r c e n t ) ,  I n

c o m m e r c i a l  A l - L i  b a s e  a l l o y s  t h e  e f f e c t  o f  Z r ,  C u  a n d  M g  h a s  b e e n

d e s c r i b e d  a n d  c o m p o s l t e  p r e c i p i t a t e s  ( Z r - r i c h  c o r e ,  6 '  s h e l l )  a r e

a n a l y z e d  b y  E D S .

T h e  m e a n  j u m p  d i s t a n c e  o f  m o v i n g  d i s l - o c a t i o n s  i n  b i n a r y  A f - L i

a l l o y s  i s  m e a s u r e d  b y  N M R .  A t  s m a l l  s t r a i n s  g '  p r e c i p l t a t e s  a r e

s h e a r a b l e  d u r i n g  d e f o r m a t i o n  r e s u l t i n g  i n  a  l a r g e  j u m p  d i s t a n c e

whereas  the  in te rpar t i c le  spac ing  o f  la rger  non-shearab le  p rec ip -

r ! - ! ^  -  - -  " r n ê r  l i m i t  f o r  t h c  s l i n  d i q 1 - a n n e -  A s  d e f o r m a t i o nr L q L g >  - C L D  ê l I  U P y s !  L r t s  o f r y  u I è L q l l v s .

goes on  the  s l ip  d is tance is  de termined by  the  spac ing  be tween

s t a t i s t j - c a 1 1 y  s t o r e d  d i s l o c a t i o n s .  A l s c  t h e  m e a n  a c t i v a t e d  l e n g t h

o f  d i s l o c a t i o n s  i s  m e a s u r e d  b y  s t r a i n  r a t e  c h a n g e  e x p e r l m e n t s .  f n

a l l  a l l o y  s y s t e m s  t h e  m e a n  j u m p  d l s t a n c e  ( L )  e x c e e d s  t h e  a c t i -

v a t e d  l e n g t h  ( f )  b e c a u s e  e x p e r i m e n t a l l y  L  i s  c o n t r o l l e d  b y  r e l a -

t i v e l y  h a r d  o b s t a c l e s  ( p r e c i p i t a t e s  a n d  f o r e s t  d i s l o c a t i o n s )

whereas  ) ,  i s  de termined main ly  by  fo res t  d is loca t j -ons .

ïn  N i  base supera l loys  about  50? o f  the  vo lume is  occup ied  by

y ' ( L 1 " ,  N i r ( A 1 , T i )  )  p r e c i p i t a t e s  a r r a n g e d  a s  a  s t a c k i n g  o f  c u b i - c
z J

b l o c s  ( e d g e  l e n g t h  a b o u t  2 0 0  n m ) .  T h e  d i s s o c i a t i o n  m e c h a n i s m s  o f

u n i t  d i s l - o c a t i o n s  i n  L 1 ,  o r d e r e d  m a t e r i a l -  a r e  a p p l i e d  t o  a 1 l o y s

r ^ r ' i ] - l r  T . 1  n r À a r a À  n r a n i ^ i + . f o .  i - ,n , ! u v r r J a  r , .  ê Í r  f . c . c .  m a t r i x .  I f  t h e  m a t r i x

s tack ing- fau l t  energy  is  h igh  the  mat r ix  w i l l -  be  de formed by  un i t

d i s l o c a t i o n s  w h i c h  d i s s o c i a t e  a t  t h e  i - n t e r f a c e s  o f  p r e c i p i t a t e s

t h e r e b y  a v o i d i n g  f o r m a t i o n  o f  A P B ' s .  I f  t h e  m a t r i x  s t a c k i n g - f a u l t
I  ^  1 ^ "  - L - l  m a t f i X  W i l l  b e  4 i o f n r m a r i  1 - r r r  n n r r n l c j  S h n c k l e r z -s r r E ! y y  r J  t 9 w  L l r s  l [ a u ! r À  w r t M  s e t r u l l [ E u  ! J  u g u p a s u  J t r v g ^ l s j

p a r t i a l - d i s l o c a t i o n s  a n d  p r e c i p i t a t e s  c a n  b e  s h e a r e d  w l t h o u t  i n -

t e r f a c i a l  c o n s t r i c t i o n s  a n d  w l t h o u t  i n d u c i n g  C S F t s  d u e  t o  d i p o l e

d i s p l a c e m e n t s .
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The LCF deformation behaviour of the superalloy PM Astroloy

is summarized in a deformation map. At lor^t temperature and high

stra in rate (about  4oO"C ,  1O-2"-1 )  prec i -p i ta tes are shearei l  by

super lat t ice d is locat ions.  Shear ihg of  prec ip i ta tes by par t ia l

d is locat ions and g l ide-c1imb of  d is locat ions is  observed at  h igh-

e r  t e m p e r a t u r e  a n d  l o w e r  s t r a i n  r a t e  ( a b o u t  7 O O o C , 2 ' 1 0 - 6 s - 1 ) .

The low temperature tensile strength of the superalloy MA

6000 is  approximated by the shear sÈress of  a super lat t ice d is lo-

cat ion by lncorporat ing the detachment  s t ress of  y t t r ium-oxide

part ic les.  Af ter  about  2*  creep or  tensj - le  deformat j -on near 760"C

the domj-nant feature of the microstructure is the presence of

st ,ack ing faul ts  in  y '  prec ip i ta tes.  By TEM evidence has been

found for  d issociat ion of  a uniÈ i l is locat ion at  the in ter face:

a / z l 7o7 l  ->  a /3 l2 l7 l  +  a /6 t12 ï t .  r i r e  ma t r i x  i s  de fo rmed  by

a/zf7O7l  whereas the precip i ta te is  faulÈed by a/3111ï1.  at  t r re

inter face an a/6t1271 d is locat ion loop is  le f t  behind.  As defor-

mat ion proceeds,  faul ts  extend into the matr ix  and form micro-

twins which reach a considerable densi ty  at  f racture in  tension.

ïn addÍ t ion,  th ls  analys is  is  conf i rmed by jn  s j tu  TEM observa-

t ions

Af ter  f racture in  creep at  538 MPa (at  about  760eC) the sur-

face of  a l , tA 6000 creep specimen conta ins cavi - t ies associated

wi th f ine gra ins which are found wi th in the coarse e longated

g ra ins  due  to  rec rys ta l l i za t i on .  I n  HTLCF expe r imen ts  (ê=5 .10 - r

s ') at a Low stress level in the intermediate temperature range
(750-850"C) these f ine gra j .ns are a s i te  of  crack in i t ia t ion.  The

outer  sur face of  a f ine gra in co4sists  of  agglomerated y I  prec ip-

i ta tes.  I t  seems reasonable to assume that  crack in i t ia t ion oc-

curs by the format ion of  cavi t ies as observed af ter  creep f rac-

ture. At a high stress level at intermediate temperatures frac-

ture init ia_tes at the surf,ace of a specimen. As a resulÈ of the
coarse gra ins in  MA 6000 the t ransi t ion f rom t rans-  towards in-

tergranular  crack in i t ia t ion is  sh i f ted towards h igh temperatures.

Sof tening dur ing fat lque has been found c learJ-y at  950oC which

is near the maximum in fracture strain.

Af ter  fa t igue at  760oC the dominant  feature of  the micro-

st ructure is  the deformat ion by stacking faul ts ,  as observed af-
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ter  creep.  However af ter  fa t igue at  850oC TEM micrographs show

only d is locat ions obstructed at  in ter faces of  prec ip i ta tes and

mat r i x .  A t  950oC and  1050 'C  i ns tab i l i t y  o f  t he  m ic ros t ruc tu re

l im i t s  t he  f a t i gue  res i s tance  o f  MA 6000 .  Coa lescence  o f  p rec ip -

i ta tes leads to a coarse precJ-p i tate st ructure wi th a network of

misf i t -d is locat ions formed on Èhe i -nter faces of  prec ip i ta tes and

mat r i x .
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