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В работе исследуются фазовые изменения в сплаве Ti-40 мас. % Nb после интенсивной пластической 
деформации. При помощи РСА и оптической металлографии проводится сравнительный анализ 
фазовых превращений в сплаве в зависимости от типа и условий внешних воздействий.

One of the main drawbacks of metallic implants is a significant difference of mechanical behavior as 
compared to the bone [1]. The nearest on mechanical behavior to the bone are the alloys of titanium with p- 
stabilizing elements, such as niobium, zirconium and tantalum [2-4].

Phase composition of such alloys, their physico-mechanical properties and structure could change by means 
of severe plastic deformation (SPD) [5]. To estimate an SPD influence on the phase composition of the alloy is 
possible by the methods of X-ray diffraction and metallographic analysis.

The aim was to investigate SPD influence on changes in phase composition of Ti-40 mas. % Nb alloy ingots.
Materials and methods
Ti-40 mass.% Nb alloy ingots were used as study material. They were produced by arc melting with 

nonconsumable electrode in a water-cooled copper crucible. Samples were quenched (heated to 1000 °C during 3 
hours in Ar atmosphere, cooled in water) and deformed using two schemes in the Institute of strength physics 
and material science SB RAS [3, 4].

By the 1st scheme of SPD the quenched samples were multistage pressed (three forging operations with the 
change of the loading axis in constrained conditions). There was the same pressure treatment followed by a 
multistage rolling in the 2nd scheme of SPD.

To estimate changes of phase composition the XRD was carried out on Panalytical Empyrean diffractometer 
in monochromatic CuKa-radiation at the University of Duisburg-Essen (Germany). The microstructural analysis 
was carried out on Carl Zeiss Axio Observer at Tomsk Polytechnic University.
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A s  a  r e s u l t  o f  th e  2 nd s c h e m e  o f  S P D  th e  s a m p le s  h a d  to o  s m a l l  d im e n s io n s  f o r  t h e  r e s e a r c h .  T h e r e f o r e  tw o  

lo n g i tu d in a l  s e c t io n s  w e r e  a d h e s iv e  f a s te n e d .  T h e  s a m e  o p e r a t io n s  w e r e  c a r r ie d  o u t  w i t h  f o u r  t r a n s v e r s e  s e c t io n s .  

A  la r g e  n u m b e r  o f  a d h e s iv e  c o m p o s i t i o n  p e a k s  i s  o b s e r v e d  o n  th e  X R D  p a t te r n s .

Results and discussion
T h e r e  a r e  r e f l e c t io n s  f r o m  th e  р - p h a s e  ( h ig h  t e m p e r a tu r e  m e ta s ta b le ,  b c c )  p la n e s  o n  th e  X R D  p a t t e r n  o f  

c a s t e d  s a m p le  ( f ig . 1 a )  [3 , 4 ] .  P e a k s  a r e  s l ig h t ly  d i s p l a c e d  to w a r d s  l a r g e  a n g le s .  T h e  р - p h a s e  p e a k s  a r e  a b s e n t  o n  

th e  X R D  p a t t e r n  o f  q u e n c h e d  s a m p le  ( f ig . 1 b ) . H o w e v e r  i t  c a n  b e  s e e n  th e  r e f l e c t i o n s  f r o m  а ' ' - p h a s e  p l a n e s  

( m e ta s ta b le  p h a s e  w i t h  o r th o r h o m b ic  l a t t i c e )  ( f ig . 1 b ). A b s e n c e  o f  r e f l e c t i o n s  i n te n s i t i e s  f r o m  s o m e  p l a n e s  s h o w s  

th e  f o r m a t io n  o f  t e x tu r e s  i n  t h e  s a m p le .  T h u s ,  p ^ - a "  p h a s e  t r a n s f o r m a t io n  o c c u r s  a s  a  r e s u l t  o f  q u e n c h in g  o f  th e  

a l lo y .  X R D  i n  o th e r  s e c t io n s  o f  th e  i n g o t  f ix e s  р -p h a s e .  T h e  p e a k s  a r e  d i s p l a c e d  to w a r d s  l a r g e  a n g le s  a n d  i t  c a n  

b e  n o t ic e d  r e d i s t r i b u t io n  o f  i t s  p e a k s  in te n s i t i e s .  P h a s e  c o m p o s i t i o n  d i f f e r e n c e s  i n  v a r io u s  s e c t io n s  m e a n s  n o n  

e q u i l i b r iu m  d i s t r i b u t io n  o f  th e  b i l l e t  e le m e n ts .  I t  l e a d s  to  t h e  f o r m a t io n  o f  r e g io n s  w i t h  t h e  d i f f e r e n t  c o n te n t s  o f  

N b . T h u s ,  а ' ' - p h a s e  f o r m s  i n  th e  N b - d e p le t e d  a r e a s  a n d  p + a "  f o r m s  i n  t h e  a r e a s  w i t h  th e  h ig h  c o n te n t  o f  N b .
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Fig. 1The results of XRD of cast (a) and quenched (b) samples 
T h e  m e ta l lo g r a p h ic  im a g e s  o f  c a s t  a l lo y  s h o w s  c l e a r  g r a in  s t r u c tu r e  a n d  p r im a r y  d e n d r i t e  s t r u c tu r e  ( f ig . 2 a ) .  

S u b g r a in  b o u n d a r i e s  w h ic h  a r e  n o t  f u l ly  f o r m e d  a r e  o b s e r v e d  in s id e  th e  l a r g e  g r a in s .  T h e  p r e s e n c e  o f  v a r io u s  

s t r u c tu r e s  n  th e  i n g o t  m e a n s  d e n d r i t ic  s e g r e g a t io n  b u t  o n ly  р - p h a s e  g r a in s  a r e  f o r m e d  u n d e r  s u c h  c o n d i t io n s .

Fig. 2The results of microstructural analysis of cast (a) and quenched (b) samples
T h e  d e n d r i t ic  s t r u c tu r e  c o n t r a s t  c a n  b e  o b s e r v e d  o n  m e ta l lo g r a p h ic  m a g e s  ( f ig . 2 b ) .  G r a in s  b o u n d a r i e s  a n d  

a " - m a r te n s i t e  n e e d le s  a r e  o b s e r v e d  i n  q u e n c h e d  s a m p le .  T h u s ,  а ' ' - p h a s e  w i t h  p a r t i a l  s a v in g  o f  р - p h a s e  fo rm s .

T h e  r e f l e c t io n s  f r o m  th e  р - p h a s e  p l a n e s  a n d  p e a k s  w h ic h  b e l o n g  to  a n o th e r  p h a s e  a r e  o b s e r v e d  o n  th e  X R D  

p a t t e r n  o f  th e  a l lo y  a f t e r  1 st S P D  s c h e m e  ( f ig . 3 a ) .  O n e  c a n  a s s u m e  t h a t  th e  s e c o n d  p h a s e  i s  a ' '  a n d  u n id e n t i f i e d  

p e a k s  a r e  r e f l e c t io n s  f r o m  i t s  ( 0 0 2 ) ,  ( 1 1 1 ) ,  ( 0 2 1 ) ,  ( 0 2 2 ) ,  ( 1 1 3 )  p la n e s .  R e d is t r i b u t io n  o f  a l l  р - p h a s e  p e a k s  

in te n s i t i e s  m e a n s  th e  f o r m a t io n  o f  o r i e n t e d  g r a in s .  A n d  th e  w i d t h  c h a n g e  o f  i t s  p e a k s  m e a n s  r e d u c in g  th e  s iz e  o f  

th e s e  g r a in s .  O n e  c a n  c o n c lu d e  t h a t  p a r t i a l  p h a s e  t r a n s f o r m a t io n  w i t h  th e  f o r m a t io n  o f  р - p h a s e  t a k e s  p la c e  i n  th e  

a l lo y  a s  a  r e s u l t  o f  1st S P D  s c h e m e .

T h e  r e f l e c t io n s  f r o m  р - p h a s e  p l a n e s  c a n  b e  s e e n  o n  th e  x - r a y  p a t t e r n  o f  th e  a l lo y  a f t e r  th e  2 nd S P D  s c h e m e  

( f ig . 3 b ) .  T h e  r e d i s t r i b u t io n  o f  in te n s i t i e s  a n d  n o t ic e a b le  b r o a d e n in g  o f  th e  a l l  p h a s e  p e a k s  t a k e s  p la c e ,  w h a t

a
d endritic structure

gra in  boundary

subgrain  boundary
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m e a n s  th e  f o r m a t io n  o f  d i r e c t  t e x tu r e s  a n d  r e d u c in g  th e  g r a in s  s iz e . T h u s ,  o n e  c a n  c o n c lu d e  t h a t  th e  2 nd S P D  

s c h e m e  le a d s  to  th e  c o m p le te  a " ^ p  p h a s e  t r a n s f o r m a t io n .

Fig. 3The results o f  XRD  o f  the alloy after 1st (a) and 2nd (b) SPD schemes 

T h e  d i r e c t  s l ip  b a n d s  c a n  b e  s e e n  o n  m e ta l lo g r a p h ic  im a g e s  o f  s a m p le s  a f t e r  2 nd S P D  s c h e m e  ( f ig . 4 ) . T h e  

p r e s e n c e  o f  d a r k  a n d  l i g h t  a r e a s  is  d u e  to  p a r t i a l  s a v in g  o f  d e n d r i t ic  s e g r e g a t io n  a f t e r  h e a t  t r e a tm e n t .

20

Fig. 4The results o f  microstructural analysis o f  the alloy after 1st (a) and 2nd (b) SPD schemes 

Conclusion
T h e  p a r t i a l  p ^ - a "  p h a s e  t r a n s f o r m a t io n  i n  th e  T i- 4 0  m a s . %  N b  a l lo y  i s  c a r r ie d  o u t  a s  a  r e s u l t  o f  q u e n c h in g .  

S a v in g  o f  d e n d r i t ic  s e g r e g a t io n  c a u s e s  th e  s t r u c tu r a l  h e te r o g e n e i ty  o f  th e  q u e n c h e d  s a m p le .

S P D  c o n s i s t i n g  o f  th r e e  f o r g in g  o p e r a t i o n s  i n  c o n s t r a in e d  c o n d i t i o n s  l e a d s  to  th e  p a r t i a l  in v e r s e  a " ^ p  p h a s e  

t r a n s f o r m a t io n  a n d  to  th e  f o r m a t io n  o f  o r i e n t e d  g r a in s .  T h e  a d d i t i o n a l  m u l t i s t a g e  r o l l i n g  o p e r a t i o n  l e a d s  to  th e  

c o m p le te  p h a s e  t r a n s f o r m a t io n  in to  р - p h a s e  i n  th e  s a m p le  a s  w e l l  a s  g r a in  s iz e  r e d u c in g .
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