
TITANIUM AND ITS ALLOYS 
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Data  c o n c e r n i n g  the ef fec t  of c a rbon  on the m e c h a n i c a l  p r o p e r t i e s  of t i tanium a l loys  (espec ia l ly  the 
heat  r e s i s t a n c e  c h a r a c t e r i s t i c s )  a r e  l imited.  It  has  been fotmd [1] that  ca rbon  i n c r e a s e s  the s t r eng th  of  
t i tan ium c o n s i d e r a b l y  in sol id solut ion but i n c r e a s e s  the s t reng th  v e r y  li t t le in the f o r m  of carbide .  The 
duct i l i ty  of t i tanium d e c r e a s e s  under  the inf luence of  carbon.  Carbon,  as  any o the r  c~ s tab i l iz ing  e lement ,  
r a i s e s  the t e m p e r a t u r e  of  the a + fi ~ fi t r a n s f o r m a t i o n .  The p r e s e n c e  of m o r e  than 0.1% C in t i tanium a l loys  
induces  p rec ip i t a t ion  of e x c e s s  c a r b i d e s  that  lead to e m b r i t t l e m e n t  [1] due to the low solubi l i ty  of ca rbon  in 
(~ and fl p h a s e s  (0.48 and 0.15% r e s p e c t i v e l y  at  920~ 

We inves t iga ted  the e f fec t  of  c a rbon  on the m e c h a n i c a l  p r o p e r t i e s  and s t r u c t u r e  of  s ing le -phase  Ti 
6.5A1 3Zr  and two-phase  Ti 6.5A1 3 Z r  2Mo al loys .  

Ingots  weighing 6 kg a l loyed with ca rbon  were  r e m e l t e d  in a consumable  e l ec t rode  furnace  with use  
of  TG-100 t i tanium sponge. Carbon  was added in the f o r m  of t i tanium carb ide ,  conta in ing 19% C. 

The ingots  were  fo rged  to b a r s  12 m m  in d i a m e t e r  and given two hea t  t r e a t m e n t s :  1) 960~ 4 h + 600 ~ 
8 h; 2) 1000 ~ 30 rain + 600 ~ 8 h. 

The b a r s  were  cooled  in a i r  a f t e r  holding at these t e m p e r a t u r e s .  
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Fig. 1. Ef fec t  of  ca rbon  o n  m e c h a n i c a l  p r o p e r t i e s  of  Ti 6.5A1 3Zr  2Mo 
(1) a n d T i 6 . 5 A 1 3 Z r  (2) a t20~  a) 9 6 0 ~  600 ~ 8 h ;  b) 1000 ~  
min + 600 ~ 8 h. - - )  Or ig ina l  condit ion;  --  --  --) a f t e r  holding at  600 ~ 
fo r  100 h. 

Fig.  2. Effec t  of c a rbon  on the m e c h a n i c a l  p r o p e r t i e s  at  600~ fo r  a l loys  
o f T i 6 . 5 A 1 3 Z r  2Mo (1) a n d T i 6 . 5 A 1 3 Z r  (2). a) 9 6 0 ~  600 ~ 8 h ;  
b) 1000 ~ 30 rain + 600 ~ 8 h. 
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Fig.  3. Effect  of c a r b o n  on the l o n g - t e r m  s t r eng th  of 
Ti 6.5A1 3 Z r  2Mo (1) and  Ti  6.5A1 3 Z r  (2) a f t e r  heat  
t r e a t m e n t ,  a) 500~ o = 65 kg /mm2;  b) 600 ~ , ~ =  30 
k g / m m  2. ~ ) 1 0 0 0 ~  600 ~ 8 h ;  - - - - - - )  960 ~ 
4 h +  600~ 8 h. 

The temperature of the polymorphous transformation was determined by quenching the samples and 
examining the microstructure in a light microscope. 

We investigated the mechanical properties of the alloys in tension at 20, 500, and 600OC, the long- 
term strength at 500 and 600 ~ and the thermal stability after holding the samples at 600 ~ for i00 h and 
subsequent testing at 20 ~ . 

The mechanical properties at 20 ~ in the original condition and after holding for i00 h are shown in 
Fig. i. 

Alloying with as much as 0.25% C raises the ultimate strength and lowers the impact toughness, with 
no change of the elongation or reduction in section. The greatest increase in strength (with almost no reduc- 
tion of impact toughness) occurs as the carbon content is raised to 0.05%, i.e., within the limits of its 
solubility in a titanium, which agrees with data in the literature. The heat treatment conditions selected 
have an identical effect on the mechanical properties of the alloys investigated. 

After additional holding at 600 ~ for I00 h the strength of the alloys remains almost unchanged. The 
ductility of alloys with more than 0.15% C decreases, especially for the alloy with 2% Mo and to a greater 
extent after the second heat treatment. In alloys with less than 0.15% C the additional holding for I00 h 
lowers the toughness more in the two-phase alloys with Mo than in the single-phase alloys without Mo. For 
alloys with 0.15-0.25% C the reduction of the toughness is approximately the same for both types. 

Short-term tests of the alloys at 600 ~ (Fig. 2) showed that additional alloying with IVio raises the 
strength by 7-10 kg/mm 2 for the alloy with 0.05% C. Further increase of the carbon content does not lead 
to any increase in strength. The strength of the alloy without Mo decreases somewhat or remains the same 
-with further increase of the carbon content. The reduction in section is higher for the alloys with Mo than 
the alloys without IVio, while the elongation is higher for the alloys without Mo. 

The results of long-term strength tests are shown in Fig. 3. The long-term strength was calculated 
from the time to failure. Carbon raises the long-term strength of alloys with IVio. The long-term strength 
is highest for the alloys with Mo that contain 0.05-0.15% C. 

At 500 ~ and a stress of 65 kg/mm 2 the strength after the first heat treatment is highest for the alloy 
with 0.05-0.15% C (the life of the sample increases from 0 to 60-80 h). At 600 ~ and a stress of 30 kg/mm 2 
the long-term strength is somewhat lower than at 500 ~ for the alloys with carbon. The addition of carbon 
to the a Ti alloy not containing Mo has almost no effect on the long-term strength. 

TABLE 1 

:Temperature (~ at 
Alloy % c 

c~ + ~ ~ ~ transformation 

TI -- 6,5AI -- 3Zr -- 2MO 0 - - 5 , 0 1 0 4 0 9 9 0  

0,15 1070 
0,25 1090 

T1 - -  6,5A1 - -  3Zr o2 
0,15 

" 0,2,~ 

1000 
1050 
I080 
1110 

The addition of 0.05% C to both alloys leads to a 
smaller grain size of a phase. With additions of as 
much as 0.25% C the grain size gradually increases. 
It should be noted that after the first heat treatment 
the grain size of a phase is larger than after the 
second, probably due to coalescence of ~ phase during 
prolonged holding (4 h) at 960 ~ 

The results of determining the polymorphous 
transformation temperature (see Table I) indicate that 
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carbon,  being an ~ stabi l izing agent, r a i s e s  the a + fi ~ fi t r ans fo rmat ion  t empera tu re .  The addition of 
0.05% C r a i s e s  the t r ans fo rmat ion  t empera tu re  by 50 ~ 

C O N C L U S I O N S  

1. The addition of carbon to t i tanium al loys  leads to an inc rease  of the ul t imate  s trength and dec rease  
of the impac t  toughness at 20 ~ with no change in the ductility. The l a r g e s t  inc rease  in s t rength (14-18 
k g / m m  2) r e su l t s  f rom the addition of 0.05% C. 

2. After  holding for  100 h at 600 ~ the ductil i ty of the a l loys  with as  much as  0.15% C is  the same as  
in the or iginal  condition. 

3. The addition of 0.05% C r a i s e s  the u l t imate  s t rength of Ti 6.5AI 3Zr  2Mo by 7-10 k g / m m  2 at  600% 
The s t rength of the al loy without Mo d e c r e a s e s  or  r e m a i n s  the same when carbon is  added. 

4. The addition of 0.05-0.15% C to Ti 6.5A1 3Zr  2Mo leads to an inc rease  of the l ong - t e rm s t rength 
at  500 and 600 ~ The l o n g - t e r m  s t rength of the a l loy without Mo r e m a i n s  unchanged when carbon is  added. 

5. The addition of 0.05% C also reduces  the gra in  size of ~ phase and r a i s e s  the a + / 3 ~ f i  t r a n s f o r m a -  
tion t empera tu re .  
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