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Abstract: To get a deep understanding of the evolution behavior of equiaxed α phase in Ti−8Al−1Mo−1V alloy during 
annealing, its static coarsening mechanism was studied based on the calculations of coarsening exponent n and the 
activation energy for α boundary migration. The result of n=6 indicates a special coarsening mechanism of equiaxed α 
phase. The activation energy for α boundary migration is calculated to be 138 kJ/mol, which is close to the activation 
energy for grain growth of pure α-Ti. It is revealed that the coarsening of equiaxed α can be mainly attributed to the 
self-diffusion of Ti atoms across the α/α boundaries. Based on the experimental findings, a static coarsening kinetics 
model of equiaxed α grains in the α+β field is established. At last, the effects of the coarsening behavior of equiaxed α 
on tensile properties were studied. 
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1 Introduction 
 

Titanium (Ti) alloys are widely used in 
aerospace fields due to their high specific strength, 
low density and good corrosion resistance [1]. α 
(hexagonal close packing structure) and β (body- 
centered cubic structure) are the two typical phases 
in Ti alloys, and their relative contents can vary a 
lot in different Ti alloy systems or under different 
treatments. For Ti alloy billets subjected to different 
treatments, the α phase in the microstructure can 
exhibit two different morphologies and different 
mechanical behaviors. Generally speaking, lamellar 
α is retained after direct cooling from the β phase 
field, and it is favorable for improving the fracture 
toughness and the fatigue crack propagation 
resistance of Ti alloys [2]. In contrast, equiaxed α, 
which is formed through deformation and 
subsequent static annealing of lamellar α, can 
elevate the plasticity and the fatigue crack initiation 

resistance [3]. In most applications, a certain 
amount of equiaxed α is introduced in the 
microstructure to ensure good overall mechanical 
properties of components. Nowadays, with the 
much stricter request of improved mechanical 
performance of Ti alloys, a more accurate control of 
the volume fraction and morphology of equiaxed α 
in the microstructure becomes essential. 

The volume fraction of equiaxed α is strongly 
affected by the deformation parameters, which has 
been extensively studied [4−6]. The final size and 
morphology of equiaxed α can be mostly tuned 
during subsequent static annealing. However, 
detailed research on how the size and morphology 
of equiaxed α can be tuned appropriately is still 
insufficient. The evolution process of a phase 
during annealing is typically named “static 
coarsening” [7], which was initially explained by 
the well-known Lifshitz−Slyosov−Wagner (LSW) 
theory [8]. A severe limitation of the LSW theory  
is that it only holds true for systems comprising 
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terminal solid solutions and a very infinitesimal 
volume fraction of the target phase [9]. For titanium 
alloys, none of the phases is a terminal solid 
solution. Furthermore, the volume fraction of 
equiaxed α in the microstructure is generally 
nonnegligible. Therefore, the LSW theory is not 
applicable any more. Some important researches 
regarding the static coarsening behavior of  
equiaxed α with limited volume fraction (less   
than 50 vol.%) have been conducted [10−12]. 
SEMIATIN et al [10,11] studied the static 
coarsening behavior of Ti−6Al−2Sn−4Zr−2Mo− 
0.1Si and Ti−6Al−4V alloys with ultrafine, 
equiaxed α microstructure. They found that the 
static coarsening processes of the equiaxed α for 
these two alloys are controlled by bulk diffusion 
and follow modified LSW kinetics (i.e., using a 
modification considering the volume fraction effect 
and the fact that the phases are not terminal solid 
solutions) [13]. SARGENT et al [12] studied the 
static coarsening response of the Ti−6Al−4V alloy 
via a series of heat treatments. They found that at 
all test temperatures, static coarsening of α particles 
occurs by diffusion- controlled kinetics (that can be 
interpreted using the modified LSW theory). The 
above-mentioned researches prove that the static 
coarsening behavior of equiaxed α with limited 
volume fraction (less than 50 vol.%) can be 
described by the modified LSW model. On the 
other hand, it is well agreed that different volume 
fractions of the target phase in the microstructure 
may lead to intrinsically different coarsening 
behavior.  

The Ti−8Al−1Mo−1V (Ti811, for short) alloy 
is a near α titanium alloy which is known for its  
low density, high microstructure stability and good 
damping capacity [14]. Therefore, it is widely used 
in manufacturing critical components of aircrafts, 
such as turbine blades. Due to the high content of α 
stabilizing elements (namely Al), Ti811 alloy 
always contains a high volume fraction of equiaxed 
α. Hence, the size and morphology of equiaxed α 
may exert strong influence on the mechanical 
response of the material. In the present work, the 
Ti811 alloy with a high initial volume fraction of 
equiaxed α was selected for systematically 
investigating the coarsening behavior of equiaxed α 
during static annealing and its correlation with the 
tensile properties. 

 
2 Experimental 
 

The as-received Ti811 alloy was a hot-rolled 
bar with a diameter of 45 mm. Its chemical 
compositions were Al 8.1, Mo 1.05, V 0.99 (wt.%), 
with less than 0.15 wt.% of impurity elements (C,  
N, O and Fe), and Ti as balance. The β transus 
temperature was determined to be 1035 °C. 
Figures 1(a, b) show the initial microstructure 
morphologies in different magnifications. Equiaxed 
α particles with an average grain around 5 μm are 
homogeneously distributed throughout the material. 
Some primary α lamellae were not thoroughly 
fragmented during hot rolling, and can still be 
observed in the microstructure. 
 

 
Fig. 1 Initial microstructure morphologies of as-received 

Ti811 alloy: (a) In low magnification; (b) In high 

magnification 

 
The samples with dimensions of ϕ45 mm × 

10 mm were sectioned from the billet and then 
subjected to static annealing treatments for 1, 2, 3,  
5, 6 and 8 h, respectively, at 910 °C followed by air 
cooling (AC). Metallographic specimens for all 
treatments were prepared through wire-electrode 
cutting. After grinding, polishing, and etching  
using a solution of V(HF):V(HNO3):V(H2O)=1:3:13, 
metallographic images were captured using a Leica 
6000M OM (optical microscope). The average size 
of the equiaxed α grains after each treatment was 
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calculated using line intersection method. 
Measuring the total number of segments 
intersecting equiaxed α grains, N, and correlating it 
with the total length of the segments, l, allow to 
calculate the average size of equiaxed α grains, D, 
by dividing l by N. To ensure accurate results, at 
least 100 equiaxed α grains for each treatment were 
sampled. According to the stereology theory [15], 
the volume fraction of equiaxed α is equivalent to 
their area fraction in the microstructure, which was 
quantitatively analyzed by means of the image 
processing software Image Pro Plus 6.0 (IPP 6.0). 

To ensure the reproducibility of the results, 
chemical composition measurements of equiaxed α 
and transformed β were carried out using Hitachi 
SU8010 and JSM-IT200 SEM (scanning electron 
microscope). EBSD (electron back-scattered 
diffraction) analysis was conducted using the 
HKL-EBSD system attached to a Hitachi S−3400 N 
SEM. The EBSD specimen preparation is a surface- 
sensitive technique. To get valuable EBSD data, 

mounting, grinding and polishing were conducted 
successively to pursue the minimum surface 
topography. The scanning step was set to be 600 nm 
during characterization. Two specimens for each 
treatment were chosen for tensile tests using an 
Instron 5969 mechanical testing machine at a 
constant strain rate of 2×10−3 s−1. The fracture 
surface morphologies of the fractured tensile 
specimens were observed by SEM. 
 
3 Results and discussion 
 
3.1 Evolution behavior of equiaxed α 

Figures 2(a−f) show the microstructure 
features after different static annealing treatments. 
Apparently, the annealing time has noticeable 
influence on the size, volume fraction as well as the 
morphology of equiaxed α. 

As the research emphasis of this work, the size 
evolution of equiaxed α is analyzed firstly. Figure 
2(a) shows the microstructure features of the Ti811 

 

 

Fig. 2 Microstructure features after annealing at 910 °C for different time: (a) 1 h; (b) 2 h; (c) 3 h; (d) 5 h; (e) 6 h;     

(f) 8 h 
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alloy after annealing for 1 h. Obvious coarsening of 
equiaxed α can be found by comparing with the 
initial microstructure. However, a high level of 
nonuniformity of the size of the equiaxed α grains 
can be observed. This indicates that the coarsening 
is not stable during the first 1 h of annealing, but 
due to the high density of retained dislocations in 
the microstructure after hot rolling, static 
globularization occurs simultaneously. By 
increasing the annealing time to 2 h or longer, a 
homogeneous equiaxed α size can be realized. This 
indicates that stable coarsening begins to occur after 
annealing for 2 h. For this reason, the annealing 
time of 2 h was taken as the initial state for studying 
the static coarsening mechanisms and kinetics. 

Equiaxed α shows continuous coarsening with 
increasing annealing time (>2 h), which is driven by 
a reduction of the interfacial energy [16]. The 
variation of measured average α grain size D for 
different annealing time is shown in Fig. 3(a), 
revealing that D follows a parabolic growth trend 
with increasing annealing time. The longer the 
annealing time is, the slower the coarsening rate 
will be. After annealing for 8 h, D reaches 9.83 μm. 

The volume fractions of equiaxed α (fα) for 
different annealing time were also measured, as 
shown in Fig. 3(b). It can be found that fα increases 
firstly and then slowly decreases with increasing 
annealing time. When the annealing time is below 
3 h, fα remains around 75%. This is mainly due to 
the fact that static recrystallization plays an 
important role in such short periods, during which 
the β-to-α transformation is not apparent. When the 
annealing time increases to 5 h, fα exhibits a slight 
increase, reaching 81.6%. The coarsening of 

equiaxed α during this period is partially attributed 
to the β-to-α transformation. When the annealing 
time increases beyond 5 h, fα slowly decreases  
again. After annealing for 8 h, fα drops down to 
around 75%. It is supposed that the coarsening of 
equiaxed α in this stage is merely attributed to the 
incorporation of small α grains into adjacent big α 
grains. At the same time, some small α grains may 
dissolve again in the β phase. 

Figures 4(a−c), 4(d−f) and 4(g−i) show SEM 
micrographs and the corresponding Al and Mo 
distribution maps for annealing time of 2, 5 and 8 h, 
respectively. Table 1 lists the semi-qualitative 
results (in wt.%) of the Al and Mo contents 
characterized by EDS (energy-dispersive X-ray 
spectroscopy). Comparing Figs. 4(b), (e) and (h) 
reveals that the Al content in the β zone after 5 h of 
annealing is lower than that after 2 h and 8 h of 
annealing. The semi-quantitative results (it should 
be noted that the values only have contrast 
significance) shown in Table 1 also prove this 
results. The Mo content in the β zone, however, 
reaches a peak value after annealing for 5 h. This 
indicates that the β-to-α transformation occurs for 
annealing time below 5 h, during which Al from the 
β phase diffuses to the newly-formed α phase, and 
the redundant Mo in the newly-formed α phase 
diffuses to the retained β phase. Once the annealing 
time is above 5 h, a reverse transformation from α 
to β occurs, and the diffusion direction of Al and 
Mo is also reversed. Based on the above discussion, 
it is understandable that the Al and Mo contents 
along the scanning line in the SEM graph show 
higher fluctuation amplitudes after 5 h of annealing 
than after 8 h, as depicted in Fig. 5. 

 

 
Fig. 3 Quantitative results of evolution of equiaxed α after different annealing time: (a) Average α grain size;        

(b) Volume fraction of equiaxed α 
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Fig. 4 SEM micrographs and corresponding Al and Mo distribution maps for Ti811 alloy after static annealing for 

different time: (a−c) 2 h; (d−f) 5 h; (g−i) 8 h 

 

Table 1 Semi-qualitative results (wt.%) of chemical 

compositions characterized by EDS after annealing  

Element 

As- 
received 

 
 

910 °C,  
2 h 

 
910 °C,  

5 h 
 

910 °C, 
8 h 

α β  α β  α β  α β 

Al − −  6.95 6.95  7.19 5.63  7.72 6.29

Mo − 2.50  − 2.13  − 3.37  − 3.01

 
Some interesting phenomena can be observed 

regarding the morphology evolution of equiaxed α. 
Figure 6 shows the morphologies of equiaxed α 
after annealing for different time. Taking the 
annealing time of 5 h as demarcation point, it can 
be clearly observed that the morphology of the 
equiaxed α grains shows two changing stages. 
When the annealing time is below 5 h, the 
morphology of the α grains changes from a short 
rod-like shape at the initial state (see Fig. 6(a)) to a 
near-spherical shape with increasing annealing  
time, as shown in Figs. 6(b, c), as it is typical for  
a static spheroidization process. However, when  
the annealing time increases beyond 5 h, the 
morphology of the equiaxed α grains changes 
towards polygonization. Namely, the original 

curved α/α and α/β boundaries gradually become 
straight, as shown in Figs. 6(d−f). This is a natural 
result of grain coarsening. As mentioned above, the 
driving force of grain coarsening is essentially the 
reduction in interfacial energy of the grain 
boundaries (namely the reduction in the total grain 
boundary area). To this end, the thermodynamic 
system impels the boundaries to migrate towards 
their respective centers of curvature [17]. As a 
result, the grain boundary curvature decreases with 
increasing annealing time. Accordingly, the grain 
boundaries become more and more straight. Based 
on the work of MASON [18], and PATTERSON 
and LIU [19], the grain coarsening rate is 
proportional to the grain boundary curvature. This 
leads to a lower coarsening rate with increasing 
annealing time, which is in accordance with the 
results shown in Fig. 3(a). Once the grain boundary 
curvature approaches zero, grain coarsening finally 
ceases. 

To get more detailed insights into the micro- 
structure morphology undergone static coarsening, 
EBSD analyses were conducted. Figure 7 shows the 
EBSD characterization results of the microstructure 
after annealing for 8 h. Figures 7(a, b) reveal that  
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Fig. 5 Line scans and corresponding Al and Mo content fluctuations along lines: (a, b) 5 h; (c, d) 8 h 

 

 
Fig. 6 Morphologies of equiaxed α after annealing for different time: (a) Ar-received; (b) 2 h; (c) 3 h; (d) 5 h; (e) 6 h;  

(f) 8 h 

 
most of the transformed β grains are individually 
dispersed on the boundaries of equiaxed α grains. 
The misorientation angle distribution map of 
adjacent grains (see Fig. 7(c)) verifies that the α/α 

boundaries are mainly high-angle boundaries. 
However, due to the lack of precipitations on them, 
the α/α boundaries are not obvious when 
characterized by OM and SEM. 
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Fig. 7 EBSD characterization results of microstructure 

after annealing for 8 h: (a) Diffraction contrast map;   

(b) Grain boundary map; (c) Misorientation angle 

distribution map of adjacent grains 

 
3.2 Static coarsening mechanism and kinetics 

It is widely accepted that the generalized 
expression for grain coarsening can be written in 
the following form [16]: 

 
0 0( )n nD D k t t                           (1) 

 
where t and D are the annealing time and the 
corresponding average grain size, and t0 and D0 are 
the initial time and the initial average grain size, 
respectively. k is the rate constant, which depends 
on the chemical compositions and the temperature, 
but not on grain size [20]. The exponent n is usually 
larger than 2 [21]. 

According to MARTIN et al [13], the value of 
n precisely reflects the actual coarsening 
mechanism. When n is equal to 2, 3, 4 and 5, the 
atom transfer through the second phase/matrix 
interface, through the lattice diffusion (described by 
LSW or modified LSW model), through the grain 
boundaries and through the low angle boundaries 
(namely dislocation) are the coarsening rate 
controlling process, respectively. In the present 
work, the n value should be firstly determined. 

According to Eq. (1), the n value must meet 
the condition under which the scope of ( 0

n nD D ) 
vs (t−t0) curve is a constant (namely k). By plotting 
( 0

n nD D ) vs (t−t0) curves for different n values, 
the correct n can be screened out once the linear 
correspondence between ( 0

n nD D ) and (t−t0) is 
realized. Before that, t0 and D0 should be 
determined. As described above, a homogeneous 
equiaxed α grain size can only be realized for 
annealing time above 2 h. Thus t0 is taken as 2 h, 
and the corresponding D0 is 7.61 μm. Figure 8 
shows the plots of ( 0

n nD D ) vs (t−t0) (t>2 h) for 
different n values (2, 3, 4, 5, 6, 8). It can be clearly 
observed that the best linear correspondence 
between ( 0

n nD D ) and (t−t0) can be realized when 
n equals 6 (see Fig. 8(e)), for which the adjusted R2 
is 0.993. It should be noted that n=6 does not 
correspond to any coarsening mechanism described 
above. Therefore, the LSW model (including the 
modified LSW model) and the other models (for 
example, WAGNER model, KIRCHNER model, 
and ARDELL model) presented in Ref. [13] are not 
applicable for describing the coarsening behavior of 
equiaxed α grains in the present work. This can be 
explained from the following aspects. Firstly, the 
premise of the LSW model is that the spacing 
between the precipitates must be much larger than 
their mean radius. This requires a very small 
volume fraction of particles. However, the fa values 
studied in the present work are generally above 
75%. Thus, the lattice diffusion mechanism (n=3) is 
inapplicable. Secondly, the limited α/β and β/β 
boundary area renders the interface interaction 
mechanism (n=2) and grain boundary mechanism 
(n=4) invalid, respectively. Thirdly, at the annealing 
temperature of 910 °C, a nearly fully recrystallized 
microstructure can be obtained after annealing 2 h 
or longer. In this situation, the dislocation density is 
very small, and the coarsening of equiaxed α 
through low angle boundaries (n=5) is unrealistic. 
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Fig. 8 Plots of ( 0

n nD D ) vs (t−t0) for n values of 2 (a), 3 (b), 4 (c), 5 (d), 6 (e) and 8 (f) 

 
Several researchers have conducted pioneering 

studies [16,22,23] on the coarsening behavior    
of equiaxed α with high fα (≥50%). JOHNSON    
et al [22] investigated the grain growth behavior of 
a microduplex Ti−6Al−4V alloy with nearly equal 
phase ratios. The exponent n was calculated to be 5. 
This indicated a dislocation diffusion mechanism, 
as described above. However, this mechanism was 
discounted based on the calculation of diffusivity. 
Finally, it was suggested that the regulating 

coarsening mechanism is the diffusion of vanadium 
along α/α boundaries. GREWAL and ANKEM [23] 
investigated isothermal particle growth for several 
Ti−Mn and Ti−V alloys containing varying amounts 
of α phase at 700 °C. They found that diffusion 
processes predominately occurred in the α phase 
when the volume fraction of β phase was small, 
which was consistent with the findings by 
JOHNSON et al [22]. 

According to these investigations, it can be 
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concluded that the coarsening of equiaxed α in the 
present work can be mainly attributed to the 
diffusion of atoms across the α/α boundaries.   
This leads to the migration of α boundaries. 
Consequently, favorable α grains grow at the 
expense of adjacent unfavorable grains. This is 
similar to the grain coarsening behavior of pure 
metals or single-phase alloys [24−26]. However, 
there is around 20−25 vol.% of β in microstructure. 
Therefore, it cannot be neglected that equiaxed α 
grain coarsening may to some extent be attributed 
to the β-to-α transformation for annealing time 
below 5 h. A schematic illustration of the possible 
coarsening process of equiaxed α grains is depicted 
in Fig. 9. 
 

 
Fig. 9 Schematic illustration of possible coarsening 

process of equiaxed α grains 

 
Elucidating the diffusion mode which plays the 

decisive role in the α boundary migration process is 
another important issue to be solved. This could be 
related to self-diffusion of Ti atoms or the diffusion 
of (Al, Mo, V) solute atoms. Hence, it is essential to 
analyze the static coarsening kinetics of equiaxed α 
grains. According to Fig. 8(e), the calculated 
exponent n and the rate constant k in Eq. (1) equal 6 
and 1.21×105 μm6/h, respectively. An exclusively 
theoretical k model exists for a specific n value [13]. 
However, the k model corresponding to n=6 was  
not proposed before. As described above, the α 
boundary migration dominates the coarsening 
process in the present work. Thus, Eq. (2) [27], 
which is the typical formula for describing the rate 
constant of the boundary migration process, may be 
applicable: 
 
k=k0exp[−Qg/(RT)]                       (2) 
 

where k0 is a material constant, and R is the 
universal gas constant, which is equal to 
8.314 J/(molꞏK). T is the thermodynamic 
temperature, which is 1183 K (910 °C) in the 
present work. Qg is the activation energy for 
boundary migration. According to JOHNSON    
et al [22], the activation energy Qg is correlated to a 
particular diffusion mechanism. To get the Qg value 
in the present work, k0 should be firstly determined. 

In 1957, FELTHAM [28] established a 
theoretical model to calculate k0:  
k0=8Vlσ/h                               (3) 
 
where V is the volume per atom, σ is the specific 
surface energy, l is the lattice spacing and h is the 
Planck’s constant, which is 6.63×10−34 Jꞏs [29]. The 
atomic radius of Ti is 0.145 nm [30], and its volume 
is 1.28×10−11 μm3. The lattice constant of Ti is 
0.295 nm along the a axis, and 0.468 nm along  
the c axis [31]. l adopts an average value of 
3.82×10−4 μm. ROTH and SUPPAYAK [32] 
measured the grain boundary free energy of pure 
titanium at different temperatures. Based on their 
data, the specific surface energy σ of α/α boundary 
can be regarded as 0.7 J/m2. By substituting the 
above parameters into Eq. (3), the k0 value was 
calculated to be 1.49×1011 μm2/h. By substituting 
the k0 value into Eq. (2), the activation energy for α 
boundary migration in the present work, namely Qg, 
equals 138 kJ/mol. 

Based on work by GIL and PLANELL [20], 
the activation energy for grain growth of pure α-Ti 
is about 100 kJ/mol. WU et al [16] studied 
Ti−Al−Zr−Mo−V alloy and found that the diffusion 
rate of Mo is the slowest and becomes the 
rate-controlling solute. Based on the research by 
XU et al [33], the diffusion activation energy of Mo 
(1 at.%) in dilute α-Ti is about 2.4 eV, namely 
231 kJ/mol. Apparently, the Qg value in the present 
work is much closer to the activation energy for 
grain growth of pure α-Ti. This indicates that the 
coarsening of equiaxed α is mainly due to the 
self-diffusion of Ti atoms. It should also be noted 
that the Qg value is slightly higher than the 
activation energy for grain growth of pure α-Ti. 
This is due to the solute drag effect of the solute 
elements, i.e., Al, Mo and V. 

Consequently, for the special situation in the 
present work, the static coarsening kinetics model 
of equiaxed α grains can be described as 
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6 6 11 138000
7.61 1.49 10 exp ( 2)

1183
D t

R

     
 

  (4) 

 
where t>2 h, and D is the average grain size in the 
unit of μm. 

In a broader sense, Eq. (5) can be applied to 
describing the static coarsening kinetics of equiaxed 
α grains for Ti811 alloy in the α+β field, under the 
condition that fα is obviously larger than 50%. D0, t0 
and n at a given annealing temperature should be 
recalculated: 

11
0 0

138000
1.49 10 exp ( )n nD D t t

RT

     
 

    (5) 

 
3.3 Tensile properties 

The static coarsening behavior of equiaxed α 
grains may exert an obvious influence on the 
mechanical properties of the Ti811 alloy. Figure 10 
shows a comparison of the tensile curves and the 
tensile properties for samples subjected to 
annealing for different time. Table 2 lists their 
specific tensile data. The strength values exhibit 
small fluctuations (30−40 MPa) and generally 
become stable after annealing for 3 h or longer. The 
explanation for this behavior is as follows. It is well 
known that the volume fraction of precipitated 
secondary α within the retained β influences the 
strengthening of titanium alloys. However, the 
small volume fraction of retained β in the present 
work leaves little space for strength adjustment. 
Once the dislocations retained in the as-received 
alloy are eliminated during annealing and all 
microstructure features become stable, the strength 
also becomes stable. 

Interestingly, the static coarsening behavior of 
equiaxed α shows a distinct influence on the 
plasticity of the Ti811 alloy. Generally speaking,  
the elongation shows a two-step increase with 
increasing annealing time, as shown in Fig. 10(b). 
The as-received alloy has the lowest elongation of 
12.8%. Then, it increases to near 17% and remains 
almost stable for annealing time of 1−3 h. The large 
increase in elongation is mainly due to static 
recrystallization. By increasing the annealing time 
to 5 and 6 h, the elongation increases to the around 
19%. This is due to coarsening of the equiaxed α 
grains which reduces the interfacial blocking effect 
on dislocation movements. For 8 h of annealing, 
continuous coarsening of equiaxed α grains and 

 

 

Fig. 10 Comparison of tensile curves and tensile 

properties for Ti811 samples subjected to annealing for 

different time: (a) Tensile curves; (b) Tensile properties 

 
Table 2 Tensile property values of Ti811 alloy after 

annealing for different time 

Heat treatment 
YS/ 
MPa 

UTS/ 
MPa 

Elongation/
% 

As-received 843±8 930±5 12.8±0.5 

910 °C, 1 h, AC 827±3 936±1 16.7±1.4 

910 °C, 2 h, AC 810±13 921±10 16.9±0.9 

910 °C, 3 h, AC 823±5 910±6 16.4±1.3 

910 °C, 5 h, AC 826±1 913±4 19.1±0.5 

910 °C, 6 h, AC 806±6 890±10 17.4±1.3 

910 °C, 8 h, AC 833±7 906±11 21.1±0.1 

 

polygonization of α grain boundaries improve the 
dislocation mobility further. The elongation at  this 
stage reaches the highest value of 21.1%. It is 
supposed that the plasticity of the Ti811 alloy 
reaches a stable value upon increasing the annealing 
time to a critical value, due to the fact that all the 
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Fig. 11 Fracture surface morphologies of tensile specimens after annealing for different time: (a) As-received; (b) 2 h;  

(c) 3 h; (d) 5 h; (e) 6 h; (f) 8 h 

 

microstructure features (including the size, volume 
fraction as well as the morphology of equiaxed α) 
become stable. Figure 11 shows the fracture surface 
morphologies of the tensile specimens after 
annealing for different time. The fracture surfaces 
become more rugged and the dimples distributed on 
them become much deeper and bigger with 
increasing annealing time, indicating improved 
plasticity. The information reflected from the 
fracture surface morphologies is consistent with the 
tensile results described above. 
 
4 Conclusions 
 

(1) The average α grain size shows a 
parabolic growth trend with increasing annealing 
time. Taking the annealing time of 5 h as 
demarcation point, the morphology of equiaxed α 
grains shows two changing stages. When the 
annealing time is below 5 h, the morphology of α 
grains changes from a short rod-like shape at the 
initial state to a near-spherical shape with 
increasing annealing time. However, when the 
annealing time is longer than 5 h, the morphology 

of equiaxed α grains changes towards 
polygonization. 

(2) The activation energy for α boundary 
migration equals 138 kJ/mol, which is close to the 
activation energy for grain growth of pure α-Ti. 
This indicates that coarsening of equiaxed α is 
mainly due to self-diffusion of Ti atoms. Based on 
these findings, a static coarsening kinetics model of 
equiaxed α grains in the α+β field is established. 

(3) The strength of the Ti811 alloy exhibits 
small fluctuations (30−40 MPa) and becomes stable 
after annealing for 3 h or longer. In contrast, the 
static coarsening behavior of equiaxed α shows a 
distinct influence on the plasticity. Due to the 
continuous coarsening of equiaxed α grains and 
polygonization of α grain boundaries, the 
elongation of the Ti811 alloy generally shows a 
two-step increase with increasing annealing time. 
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Ti−8Al−1Mo−1V 合金等轴 α相的静态粗化行为 
 

石晓辉 1,2，曹祖涵 1，范智渊 1，Jürgen ECKERT2,3，乔珺威 1 

 

1. 太原理工大学 材料科学与工程学院，太原 030024； 

2. Erich Schmid Institute of Materials Science, Austrian Academy of Sciences, LeobenA-8700, Austria; 

3. Department of Materials Science, Chair of Materials Physics, Montanuniversität Leoben, LeobenA-8700, Austria 

 

摘  要：为深入了解 Ti−8Al−1Mo−1V 钛合金等轴 α相在退火过程中的演变行为，基于粗化指数 n 及 α界面迁移

激活能的计算对其静态粗化机制进行研究。n=6 的结果表明，等轴 α相具有特殊的粗化机制。计算得到的 α界面

迁移激活能为 138 kJ/mol，接近纯钛的晶粒长大激活能。这表明等轴 α的粗化主要是由钛原子穿越 α/α界面的自

扩散导致。基于研究结果，建立等轴 α相在 α+β相区的静态粗化动力学模型。最后，分析等轴 α相粗化行为对拉

伸性能的影响。 

关键词：静态粗化；动力学；模型；拉伸性能；Ti−8Al−1Mo−1V 
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