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It  is often imposs ib le  to obse rve  changes of any kind in the s t ruc tu re  of s amples  subjected to s u p e r p l a s -  
tic deformat ion  even a f t e r  deformat ions  as la rge  as 1000%. Retent ion of the equiaxed shape of the gra ins  is 
genera l ly  a c h a r a c t e r i s t i c  fea ture .  Somet imes  there  a re  changes in the s izes  of  gra ins  or  in the mutual  pos -  
itions of pa r t i c les  in b iphase  a l loys .  The bas ic  r e su l t s  of s t ruc tu ra l  studies were  genera l ized  in [1]. 

Most of these  studies were  made with the " t radi t ional"  superp las t i c  a l l o y s -  Zn -A1  and A I - C u .  Grain  
growth during superp las t i c  deformat ion  has been  obse rved  in t i tanium alloys [2]. 

The s t ruc tu ra l  changes occur r ing  under conditions of superp las t i c i ty  in h e a t - r e s i s t a n t  nickel al loys have 
been invest igated v e r y  li t t le.  

This work* concerns  the changes in the s t ruc tu re  of h e a t - r e s i s t a n t  nickel alloy ZhS6KP a f t e r  elongation 
under superp las t i c i ty  condit ions.  Samples  for  the t e s t s  were  p r epa red  f r o m  hot extruded rods  with a gra in  
s ize  of 10-12 ~. The t e s t s  were  made at  1100-1180°C at a pull r a te  of 0.5-10 ram/ ra in .  

The m a x i m u m  deformat ion,  ~ 500%, was obtained at a pull r a te  of 0.5 r am/ ra in  at 1t50°C. The sensi t iv i ty  
fac tor  (m) of the flow s t r e s s  to the s t r a in  r a t e  was de te rmined  by the graphic  method and was equal to 0.5. 
The s t ruc tu re  was examined on s a m p l e s  tes ted under opt imal  conditions of superp las t i c i ty  which f r ac tu red  a f te r  
500% deformat ion  and also on samples  deformed  200%, when the t e s t  was stopped. 

The s amp le s  were  cut in the di rect ion of defo~na t ion  and the s t ruc tu re  was examined in the deformed  
sect ion as well  as in the undeformed head. 

Figure  1 shows the m i c r o s t r u e t u r e  of these sect ions of  the sample  a f t e r  500% deformat ion.  Substantial 
d i f ferences  in the s t ruc tu re  of the head and the deformed  sect ion a r e  obse rved  both at a magnif icat ion of 1800 × 
and 7000 ×. At a magnif ica t ion  of 1800 × the head has  individual l a rge  p r i m a r y  p rec ip i t a tes  o f T '  phase  
located in the gra in  boundar ies ,  the bas ic  s t ruc tu re  consis t ing of f inely d i spe r sed  7 '  phase  (Fig. la ) .  

In the deformed sect ion of the sample  f inely d i spe r sed  7 '  phase is obse rved  as s epa ra t e  is le ts  (Fig. lc) 
that  occupy about 50% of the total  a r e a  of the mic rosec t i on .  At a magnif icat ion of 7000 × it can be seen  that 
the pa r t i c l e s  o f T '  phase  in the head of  the sample  a re  te t ragonal ,  while the pa r t i c l e s  in the deformed sect ion 
a re  oval, the s ize  of the pa r t i c l e s  being cons iderably  s m a l l e r  in the deformed  sect ion (Fig. lb  and d). Thus, 
the deformed  sect ion is cha r ac t e r i z ed  by cons iderab le  solution of 7 '  phase ,  which is not observed  in the head 
of the sample  under the s ame  t e m p e r a t u r e  conditions.  

The c h a r a c t e r i s t i c  fea ture  of the deformed  sect ion of the sample  is the bands elongated in the di rect ion 
of de fo rma t ion  in which a la rge  number  of fine branching  c racks  is obse rved  (Fig. 2). The dis tr ibut ion of the 
bands with c racks  r e s e m b l e s  that of carbide  s t r i n g e r s  in the rods .  It can be seen  in Fig. l c  that the c r ack s  
a re  located at the boundary  of the m a t r i x  with p r i m a r y  ca rb ides  or t i tanium ca rbon i t r ides .  The carbide  s t r i n g -  
e r s  a r e  due to the manufac tur ing  p r o c e s s .  

*A. A. Fedorov  and L. S. Ba lyura  took pa r t  in this work.  
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Fig. 1. St ructure  in the head (a, b) and the deformed sect ion (c, d) of the 
s ample ,  a, c) 1800 ×; b, d) 7000 ×. 

It should be  noted that c racks  were  observed  only in sect ions f ree  of p rec ip i t a tes  of d i spe r sed  T' phase.  
The c racks  do not induce p r e m a t u r e  fa i lure  of the sample ,  s ince the s t r e s s  concentra t ions  at  the ends of the 
c racks  a re  not sufficient for c r a c k  growth due to the low s t r e s s e s  at which superp las t i c  deformat ion  occurs  
(2-3 k g f / m m  2). There  a re  data [6] indicating that sens i t iv i ty  to s t r e s s  concen t ra to r s  does not occur  under 
conditions of superp las t i c  deformat ion .  In this case  the sample  f r ac tu re s  not because  of c rack  growth but as 
the r e su l t  of the accumulat ion and consolidation of m i c r o c r a c k s  to s izes  c o m m e n s u r a t e  with the s ize  of the 
sample .  

This m e c h a n i s m  of f r ac tu re  is respons ib le  for  the large plas t ic  deformat ion  attained before  f r a c tu r e  
under conditions of superp las t i c i ty .  

A thin network of c r acks  is observed  in the sample  a f t e r  ve ry  slight etching; s t ronge r  etching leads to 
r emova l  of the l ayer  containing c racks  in continuous voids oval in shape s i m i l a r  to those obse rved  previous ly  
[3]. It was  concluded in [3] that these "cave rns"  or iginate  in vacanc ies .  

It is difficult to ag ree  with this conclusion.  Even rough calculat ions indicate the imposs ib i l i ty  of vacan-  
c ies  growing to such dimensions  [4]. 

It is m o r e  probable  that  the c racks  fo rmed  in superp las t ic  deformat ion  re su l t  f rom the ma t r i x  b reak ing  
away f r o m  the su r face  of carbide  inclusions,  as obse rved  in o rd ina ry  ductile f r ac tu re  [5]. The development  of 

Fig. 2. Bands with c racks  in the deformed  s e c -  
tion of the sample .  
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f r ac tu re  depends on the degree  of deformat ion .  In the sample  deformed 200% and r e m o v e d  f rom the t es t  at 
that  t ime  the c r a c k s  a re  not in the f o r m  of continuous bands but occur  in smal l  sect ions  consti tut ing about 10% 
of the a r e a  of  the band with accumulat ions  of c r acks  obse rved  in the sample  deformed  500% (up until f r ac tu re ) .  

In s amp le s  tes ted  under  conditions of  supe rp las t i c i ty  in c o m p r e s s i o n  with ~ 90% deformat ion  no c racks  
or  cen te r s  of f r a c t u r e  a r e  obse rved .  

C O N C L U S I O N S  

1. Deformat ion  of h e a t - r e s i s t a n t  nickel  a l loy ZhS6KP in tension under  conditions Of superp las t i c i ty  leads 
to changes in the quantity and s ize  of 7 '  phase,  which can be explained by the intensif icat ion of diffusion p r o -  
c e s s e s  during supe rp las t i c  deformat ion .  

2. The fo rmat ion  of cen te r s  of f r a c t u r e  in s amp le s  of al loy ZhS6KP during supe rp las t i c  deformat ion  is 
due to carbide  s t r i n g e r s .  
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