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Abstract: The effect of heat treatment and rolling process on the properties and microstructures of Ti-26 
(Ti-15V-3Al-3Cr-3Sn-Forming) sheet was studied. The results show that the best rolling temperature for Ti-26 alloy is in the 
temperature range from 900 ℃ to 950℃. Under this condition, the resistance of deformation and yield ratio are low and the alloy 
has better hot work ability. The alloy will achieve better mechanical properties and completely recrystallized β microstructure when 
the deformation ratio is not less than 60% and the solution temperature is 30 ℃ above the phase transformation temperature. The 
best heat treatment conditions are recommended as: 790℃, 30 min, AC or WQ followed by 510 ℃, 10 h, AC. Under this heat 
treatment condition the strength of the Ti-26 alloy is 1 230 MPa and the elongation is 15%. 
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1 Introduction 
 

The research on near-β titanium alloy has been a 
very important subject in the development of titanium 
alloy for its good heat-treatment strengthening effect, 
perfect creep resistance and good workability. Recently 
near-β titanium has been widely used to military affairs, 
business spaceflight, medicine and so on[1−3]. Ti-26 
alloy (Ti-15V-3Al-3Cr-3Sn-1Nb-Forming) is a kind of 
high-strength beta titanium alloy developed by 
Northwest Institute for Nonferrous Metal Research with 
strength of 1 250 MPa for bolts materials to substitute 
TB3. It is also widely used in pieces of the spacecraft 
structure and missiles with complex structures such as 
fuel tank parts. The composition of Ti-26 is similar to 
that of Ti-15-3 alloy which was developed by USA in 
ingredients. Because of the addition of neutral alloying 
elements such as Zr and Sn, Ti-26 alloy avoids the brittle 
failure which was caused by eutectoid reaction[4−6] used 
at high temperature. Furthermore, Ti-26 alloy has been 
used to sheet material and tubular product for its better 
cold formability, performance, fatigue-resistance and 
welding capacity. In order to make a profound study and 
expand the application of beta-titanium, the further 

research on the effect of heat treatment and processing 
on microstructure and mechanical properties of Ti-26 
sheet are carried out, which will offer proper process 
technology for Ti-26 sheet material. But also, the 
research results in this paper will also offer theoretical 
instruction to other processing of neat-β titanium. 
 
2 Experimental 
 

Ti26 alloy ingot with diameter of 50 mm was 
fabricated by vacuum consumable arc furnace melting 
for two times. Plate with thickness of 4 mm was 
fabricated by hot rolling above the phase transformation 
temperature after the ingot was originally forged at 1 150 
℃. Then plates were subjected to different deformations 
(20%−80%) of cold rolling after sand blasting and 
pickling. The experimental samples with the thickness 
from 1.6 to 2.5 mm were used for heat treatment test. 

Heating, solution treatment, and aging for slab were 
conducted in a 500 kW resistance furnace. The 
specimens were subjected to hot and cold rolling by four 
550 mm reversible rolling mills with the multi-rolling. 
Specimens used for different heat treatment and 
microstructure observation and mechanical properties 
testing were cut from the plate in vertical and horizontal 
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rolling direction. The tensile testing at room temperature 
was conducted by Instron Tensile-1185. The preparation 
of tensile specimens met the requirements of ASTN E8. 
The width for work part was 12.5 mm, the standard 
distance for tensile testing was 50 mm long. The 
observation of microstructure was conducted by optical 
microscopy. 
 
3 Results and discussion 
 
3.1 Effect of rolling temperature 

Ti-26 alloy has better hot work ability for its β 
microstructure. A suitable initial forging temperature is 
the critical of ensuring better performance and 
mechanical properties of Ti-26 alloy for its higher 
deformation resistance compared to TC4 alloy. 

The mechanical properties of Ti-26 alloy at high 
temperature are shown in Fig.1. It can be found that the 
strength significantly decreases with increasing the 
testing temperature. When the testing temperature is 
increased to 900 ℃ the ultimate tensile strength is 76 
MPa. Compared to 95 MPa at 850 ℃, there is about 
20% decrease. When the testing temperature is 950 ℃, 
the ultimate tensile strength is only 50% of the ones at 
800 ℃. At the same time, the elongation of the alloy 
shows little change. It is well known that the more 
difference value between yield limit and ultimate tensile 
strength (namely with low yield ratio), the better the 
properties of unstable deformation resistance for titanium 
alloy[8]. The yield ratio of Ti-26 alloy rapidly decreases 
during the temperature range of 850 ℃ to 950 ℃. The 
Rp0.2/Rm is 0.74 when the temperature is 900 ℃. The 
yield ratio continues to decrease when the temperature is 
beyond 900 ℃. Because the excessive high temperature 
will lead to a series of problems such as course grains, 
and serious surface oxidation. The rolling temperature of 
Ti-26 alloy is chosen at 900 ℃ . Fig.2 shows the 
microstructure of Ti-26 sheet after hot rolling treatment. 
 

 
Fig.1 High temperature mechanical properties of Ti-26 alloy 

 
Fig.2 Microstructure of Ti-26 sheet after hot rolling treatment 
 
3.2 Effect of cold deformation on microstructures and 

mechanical properties of Ti-26 
The microstructure of Ti-26 sheet is full-β phase 

after solid solution treatment, which hold more slip 
system and can support large cold deformation without 
cracking. The δ4 mm hot plate at different processing 
rates after solution treatment is tested, and the 
mechanical properties of the alloy sheet are shown in 
Fig.3. From Fig.3, it can be seen that there is obvious 
effect of the deformation rate on the mechanical 
properties of sheet material. The tensile strength is 
increasing with increasing deformation rate. During the 
early stages of deformation process, there is linear 
relationship between tensile strength and deformation 
rate. When the deformation rate is in the range of 50% to 
70%, the effect of deformation rate on tensile strength 
weakens. At the same time, the elongation of Ti-26 sheet 
is decreasing with the increasing deformation rate. But 
the elongation still keep to a certain degree (about 6%) 
with the biggest deformation rate (80%), which can meet 
the demands of general processing and indicates good 
cold deformability of Ti-26 alloy. Compared with the 
microstructures of the alloy after various cold 
deformations as shown in Fig.4, it can be seen that the 
 

 

Fig.3 Mechanical properties of alloy after various cold 
deformation treatments 
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Fig.4 Microstructures of alloy after various cold deformations: 
(a) ε=20%; (b) ε=60%; (c) ε=80% 
 
grains are lengthened along the direction of deformation. 
When the deformation rate is beyond 60%, the grains 
obviously lengthen and in some domain there are many 
fine grains because of broken original grains[9], which 
indicates the microstructure of Ti-26 alloy can be refined 
when the deformation is beyond 60%. 
 
3.3 Effect of heat treatment on microstructures and 

mechanical properties of Ti-26 
3.3.1 Effect of solution treatment on microstructures and 

mechanical properties of Ti-26 
Full-β grains can be obtained by solution treatment. 

But also, during the solution process the recrystallization 
process can be completed and fine β grains can be gained, 
which leads to the best cold deformability and perfect 
mechanical properties after aging treatment. In this 
experiment, the solution temperature of Ti-26 alloy was 
chosen as above 30 ℃  of the phase transformation 

temperature. The mechanical properties after solution 
treatment at 790 ℃  for 30 min with various 
deformations are shown in Fig.5. It can be seen that the 
effect of deformation rate on tensile strength is little after 
solution treatment for the alloy, and the elongation even 
keeps unchanged. Fig.6 shows the microstructure of the 
alloy with the deformation of 60% after solution 
treatment at 790 ℃ for 30 min and air cooling, which 
indicates the recrystallization process has completed 
after solution treatment at 790 ℃. 
 

 
Fig.5 Mechanical properties after solution treatment at 790 ℃ 
for 30 min with various deformations 
 

 
Fig.6 Microstructure of alloy with deformation of 60% after 
solution treatment at 790 ℃ for 30 min and air cooling 
 

The relationship between the grain size and solution 
time at 790 ℃ is shown in Fig.7. It can be found that 
nearly linear relationship exists between the size of 
grains and the time of solution treatment. Thus under the 
condition of completed recrystallization, for the best 
mechanical properties to different sheet materials, the 
shorter solution time is required. 

The cooling method of solution treatment produces 
obvious effect on the mechanical properties of titanium 
alloy. In this experiment three cooling methods, i.e. 
water quenching, air cooling with argon protecting and 
vacuum annealing cooling in furnace were carried out. 
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The effect of three cooling methods on the tensile 
properties of the alloy is shown in Fig.8. It can be seen 
that the effect of cooling rate on mechanical properties is 
little. According to the mechanical properties of Ti-26 
sheet material with different cooling methods, water 
quenching is the best way for the alloy. 
3.3.2 Effect of aging temperature and time on mechanical 

properties of Ti-26 alloy 
Fig.9 shows the relationship between the mechani- 

cal properties and aging temperature for the alloy with 
 

 
Fig.7 Relationship between grain size and solution time 

various deformations. From Fig.9 it can be found that 
aging strength increases with increasing deformation 
ratio. When the deformation ratio is 60%, Ti-26 sheet 
achieves better mechanical properties. For various 
deformation ratios, when the aging temperature is 490 ℃, 
the tensile strength reaches the maximum and the 
plasticity is the lowest. When the aging temperature 
increases, the strength of the alloy decreases and the 
plasticity increases. And when the aging temperature is 
510 , the alloy achieve℃ s the best mechanical properties. 
After aged at 490 , there ℃ are much more diffused  
 

 
Fig.8 Effect of cooling method on tensile properties of alloy 

 

 
 

Fig.9 Relationship between mechanical

properties and aging temperature for alloy

with various deformations: (a) ε=40%;

(b) ε=60%; (a) ε=80% 
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precipitates which lead to higher tensile strength. When 
the aging temperature is beyond 490 , net precipitates ℃

are eliminated which is formed during aging process at 
low temperature[10]. 

Fig.10 shows the relationship between mechanical 
properties and aging time at 510  for the alloy with ℃

60% deformation. It can be found that the alloy achieves 
the best matched properties for tensile strength and 
plasticity when the aging time is 10 h. Thus it could be 
deduced that for Ti-26 sheet the best aging process is 
aging at 510  for 10℃  h followed by air cooling. Under 
this condition the tensile strength is 1 230 MPa and the 
elongation is not less than 15%. 
 

 
Fig.10 Relationship between mechanical properties and aging 
time under 60% deformation rate 
 
4 Conclusions 
 

1) Ti-26 alloy sheets have lower resistance of 
deformation, yield ratio and better hot workability under 
the rolling temperature range from 900 ℃ to 950 ℃. 

2) Ti-26 alloy sheet can be largely cold deformed, 

β grain can be completely broken at 60% deformation 
rate. 

3) Ti-26 alloy will achieve better mechanical 
properties and completely recrystallized β microstructure 
when the solution temperature is above 30 ℃ of phase 
transformation temperature. The best heat treatment 
conditions are recommended as: 790 ℃, 30 min, AC or 
WQ followed by 510 ℃, 10 h, AC. Under this heat 
treatment condition the strength is 1 230 MPa and the 
elongation is 15%. 
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