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STRUCTURE A N D  M E C H A N I C A L  PROPERTIES 

OF HIGHLY ALLOYED T ITANIUM 

Engs.  L. S. Golubeva and R . P .  Shehegoleva 

Central Iron and Steel Res .  Institute 

This paper is concerned with the causes of the change of 
the mechanical proper t ies  of two medium-alloy titanium 
compositions, Table 1, af ter  heat t rea tment .  These alloys 
are  used for  forging billets and hot-rol led tubing. Depending 
on the heat treatment,  they may have a strength of 25, 30 and 
more  k g / s q . m m .  These high values are  achieved by quench- 
ing and aging. Heat t reatment  of thin-walled tubing and small 
section bars  is limited to an aging t reatment  {without p re -  
!iminary solutionizing). 

In alloy 1, this change is associated with an increase 
of the a-phase .  Heating of alloy 1, however, resul ts  in 
a transformation /3 + a + co -- fi + a .  

The strength of annealed alloy i after 100 hrs  soaking 
at 400-600~ changes little; the increased ductilities are 
associated with a larger  amount of a -phase .  Fig. 1 

TABLE 1 

Alloy content, % 

Alloy 

Fe bin Cr Al  

2 ;  3 3 3 -- 
3 --  5 3 

The structure of the alloys after forging, piercing and 
rolling contains three phases: fl , c~, co. The amount of 
co- phase is small  and is not always detected with X-rays .  

Under certain conditions, a eutectoid transformation is 
observed in these alloys as well as the formation of the 
metastable phases fl and 0~ �9 Slugs for our investigation 
were prepared by sintering of titanium powder containing 
(%) 0. 12 Fe,  0. 074 Si, 0.12 Ni, 0. 022 AI, 0. 052.Ca, 
0.003 H, 0.18 O, and 0.01 N. The sintered slugs were 
forged at 1000-700~ into 16 mm din rods.  

Inasmuch as the binary titanium alloys Ti -Fe ,  Ti -Cr ,  
and Ti-Mn belong to the eutectoid system [1, 2], it was of 
Luterest to determine the tendency of these alloys to 
embrit t le  after holding for 100 hrs  at 400, 500 and 600~ 
Table 2 shows the mechanical propert ies  of rods forged and 
annealed at 700 and 800~ reheated as indicated above. 
Table 2 suggests that as the heating temperature  is in- 
creased,  the ductility of alloy 2 falls and that of alloy 1 
increases .  
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TABLE 2 

Alloy 
n o .  

1 Forged 

Annealed 

Annealed 

Heat t rea tment  
Rc 

�9 ~ ~ ~ �9 �9 . �9 �9 ~ 

400 ~ 100 h r s  
500  ~ 100 h r s  
600 ~ 100 hrs 

44 
46 
40 
38 

Mechanical proper t ies  

% % 

kg/sq ,  mm 

163,6 157,6 
167,0 163,4 
130,6 129,2 
122,3 120,4 

a 

% 
, r  . . . .  

0,4 2,4 
4,2 6,1 
8,0 12,4 

19,2 26,3 

700 ~ 1 hrs 
400 ~ 100 hrs 
500 ~ 100 h r s  
600 ~ 100 h r s  

37,5 
39 
38 

37,5 

1 9,1 ! m6,1 
129,0 126,5 
130,3 129,7 
127,6 126,2 

12,0 
9,2 

17,0 
2,0 

17,0 
11,3 
31,6 

1,4 

800 ~ 1 hrs 
400 ~ 100 h r s  
500 ~ 100 h r s  
600 ~ , 100 hrs 

36,5 
38,5 
37,5 
37 

131,7 ! 128,8 
132,0 127,7 
128,0 ~ 121,5 
125,1 I I20,0 

7,2 
15,2 
16,2 
10,0 

I0,1 
21,8 
23,3 
15,1 

2 Forged �9 . . . .  �9 . . . .  

400 ~ 100 . . . .  
500 ~ 100 . . . .  
60O o, 100 . . . .  

Annealed 800 ~ 1 

400 o, 100 
500 o, 100 
600 ~ I00 

I Q t 

43 
44 
42 
41 

38,5 
41 

39,5 
39 

139,7 
170,0 
143,4 
143,7 

137,1 
166,1 
142, I 
131,0 

9,0 
1,2 
1,0 
3,2 

14,8 
2,0 
4,3 
7,0 

121,2 118,4 15,8 20,1 
Ruptured at shoulder 

1 3 3 , 5  - -  2 , 0  1 1 , 2  

Note: Table contains average data of five tes t s .  

shows the mic ros t rue tu re  of alloy 1 after annealing at 
800~ hr and also after  annealing at 800 ~ and aging at 
500~ hrs �9  The increase  of c~ content after  aging is 
plainly seen.  

The precipitation of a after heating at 400 and 500~ 
100 h r s  is due to the following factors:  annealing at 700 and 
800~ followed by cooling at about 100~ does not pro-  
duce an equilibrium condition. The content of fi in the 
mic ros t ruc tu re ,  Fig. 1, a, by far  exceeds the equilibrium 
conditions. On aging at 400 and 500~ h r s ,  a precipi-  
tation of ~ and an enr ichment  of the fi -phase  with 
f l - s t ab i l i ze r s  take place. The 100 h r s  t rea tment  does not 
br ing the fl -phase  to the eutectoid concentration. 

At 600~ a eutectoid concentration is reached after l ess  
than 100 hrs .  When this  happens,  the following t r a n s f o r m a -  
tion takes place: fl ~ c~ + intermetal l ic  compound. This 
change lowers the ductility, as follows from Table 2 (see 
mechanical  proper t ies  of alloy 1 annealed at 700 and 800~ 
after additional heating at 600~ hrs .  

The annealing tempera ture  (700, 800~ of alloy 1 affects 
the proper t ies  after long soaking. As a resu l t  of annealing 
at 700~ the subsequent eutectoid decomposition at 600~ 

is accelerated and causes  a more  pronounced fall of duc- 
tility than annealing at 800~149 This effect depends on the 
composition of the metas table  p -phase: the c loser  it is 
to the eutectoid concentration, the fas ter  will the eutectoid 
t ransformat ion  proceed. 

The s t rength  of forged alloy 2 after aging at 400~ 
100 h r s  exceeds the as - forged  s t rength  by 30 kg/sq ,  ram. 
Apparently a 8 - -  o~ t ransformat ion  takes place here  
(3, 4]. However, we were unable to discover  the ~ - p h a s e  
in this case by metal lographic or X- ray  methods�9 The 
extraordinary br i t t l eness  of annealed alloy 2 held at 400~ 
100 h r s  is apparently explained by the embri t t l ing eutectoid 
t ransformat ion.  This change of alloy 2 (both forged and 
annealed) is observed during holding at 500 and 000~ 
100 hrs. 

It is clear from these data that despite Rs 3 % Al, alloy 
2 has a s t ronger  tendency to an embri t t l ing eutectoid 
t ransformat ion  than alloy 1. Apparently manganese  exer t s  
a hamper ing  action on the ra te  of the euteetoid t r a n s f o r m a -  
tion in alloy 1. The curves  in Fig. 2 show that alloys 1 
and 2 contain a f i - s tabi l izer  abovethe er i t ica lva lue  [4, 5]. 

Upon water  quenching, the relat ively soft /3 -phase  is  
stablized: i ts ha rdness  is  40 R C in alloy 1 and 36.5 R C in alloy 2�9 
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Fig.  2. Aging c u r v e s  of  a l loys  1 and 2 a f te r  
quench ing  f rom 900~ in wate r :  

a - a l l o y 1 ,  b - a l l o y  2. 

Aging  at 200~ g radua l ly  h a r d e n s  both  a l loys .  Af te r  
holding for  15-20 h r s ,  the  h a r d n e s s  r e a c h e s  a m a x i m u m  and 
a f u r t h e r  holding (up to 24 hrs)  ha s  p rac t i ca l l y  no effect .  
Aging at 300 ~ c a u s e s  a h a r d n e s s  i n c r e a s e  dur ing  the  f i r s t  
5 h r s  but  longer  soak ing  adds  ve ry  l i t t le .  

At 400~ a h igh  s a t u r a t i o n  h a r d n e s s  (R C 50) i s  r e a c h e d  
du r ing  the  f i r s t  15 to 30 rain. The ag ing  cu rve  at 500~ 
shows  a m a x i m u m  h a r d n e s s  a f t e r  about 15 to 30 rain (1 h r  
m~x) followed by a d e c r e a s e .  

At 220-475~ a con t r ac t i on  of the  s p e c i m e n  caused  by 
p rec ip i t a t ion  is  o b s e r v e d  [4, 6]. Beginning  f r o m  475~ 

and above,  the  s p e c i m e n  expands  due to van i sh ing  of the  
- p h a s e  and a p p e a r a n c e  of c~ : fi + ~ - -  fl +c~. 

P r e c i p i t a t i o n  of c~ r e s u l t s  s i m u l t a n e o u s l y  in a r educed  
h a r d n e s s  and improved  duct i l i ty .  M i c r o s t r u c t u r a l  o b s e r v a -  
t ions  c o n f i r m  the p r e s e n c e  of an a c i c u l a r  a - p h a s e  a f te r  
ag ing  at  500~ h r s .  Hence ,  if at ag ing  t e m p e r a t u r e s  of 
200, 300 and 400~ only a p rec ip i t a t ion  of m - p h a s e  is  
o b s e r v e d  (af ter  24 h r s  at  200 and 300~ the fi -- m t r a n s -  
f o r m a t i o n  does  not  r un  to comple t ion) ,  a t  500 ~ f i r s t  the 
~ - p h a s e  shows  up ( h a r d n e s s  i n c r e a s e s )  whereupon ,  a f t e r  
longer  holding pe r i ods ,  the  r e a c t i o n  fi + ~ -- fi + c~ 
fol lows and the h a r d n e s s  d e c r e a s e s ,  in the  l a t t e r  c a s e ,  no 
eu tec to id  t r a n s f o r m a t i o n  was  found. 
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M E C H A N I C A L  A N D  TECHNOLOGICAL PROPERTIES 

OF TERNARY T ITANIUM ALLOYS 

Cand. tech. sc~ L.P. Luzhnikov and Eng. V.M. Novikova 

The paper of reference [i] deals with ternary titanium 
alloys Ti-AI-Mn, Ti-AI-Cr, Ti-AI-Mo, Ti-AI-Fe and 
Ti-Fe-Mn. Not counting the last, all others are based on 
the binary system Ti-A! with addition of one of the four 
fi -stablizers. 

of sheet made of this material was 55.5 kg/sq, ram; elon- 
gation, 32.7% (0.3% Fe, 0.15% Si). The sponge was alloyed 
with manganese, refined chromium, aluminum, vanadium, 
tin (metallic), iodide zirconium, technically pure iron and 
molybdenum powder. 

The p r e s e n t  work  is  b a s e d  on the  s y s t e m  T i -S n  to which  
Zr ,  C r ,  V, Me and Mn w e r e  added.  The  s y s t e m  T i - A 1 - Z r  
was  a l so  s tudied.  In a l l  t h e s e  t e r n a r y  s y s t e m s  we s tudied  
a l loys  a long the  sec t ion  wi th  94% Ti  and f r o m  6% Sn to 6% 
of one of the  fl - s t a b l i z e r s  l i s t ed .  

P.__reparation and T e s t i n g  of Al loys .  The a l loys  we re  
p r e p a r e d  f r o m  p r e - m i x e d  sponge  of one ba tch .  The s t r e n g t h  

The ingots were prepared in a vacuum arc furnace with 
a double ('stepped') mold using a consumable electrode. 
The weight of the charge was 3 kg. The ingots were forged 
and rolled under laboratory conditions according to the 
existing technologhT. The sand blasted and pickled sheets 
i. 3-1.5 mm thiekwere vacuum annealed (5 x 10 -8 mm Hg) at 
800~ hrs, furnace-cooled to 200~ and then cooled in air. The 
oompositiouwas determined onthe finishedproduet, Table i. 


