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Abstract. The flow stress curves of Ti-25Nb alloy were acquired by hot compressive 
tests on Gleeble−3500 thermo-simulation machine at the strain rate range of 0.001-10 
s−1 and temperature range of 470-620oC. The results show that the flow stresses decrease 
with the decrease in strain rate and the increase in temperature in general and modified 
constitutive model established by Strain compensation of n and A has a high predicted 
ability under experimental deformation condition. 

1.  Introduction 
Biomedical titanium alloys play a critical role in biomedical materials [1]. In the past decades, 
biomedical titanium alloys have been successfully developed in this world. Nowadays, as the new 
generation biomedical titanium alloys, Ti-25Nb alloys are more outstanding than other material in so 
many aspects. As a result, it is meaningful and significant to research this alloys for every citizen. 
Establishing the constitutive models is really critical for processing in factory and simulation in future 
research. 

Some researchers studied the compositions with different Ti/Nb atomic ratios obtained by reactive 
milling (RM) and mechanical alloying (MA) [2]. They got conclusions that the RM synthesized hydrides 
acquired better H-absorption/desorption properties at 250-300°C and the hydride nucleation manner 
changes with increasing the Nb addition. Unfortunately, there are hardly constitutive models of Ti-25Nb 
alloys in the past studies. In this paper, the true stress-strain curves obtained from experiments were 
analyzed and the constitutive model was established by combining the Zener-Hollomon parameter and 
the Arrhenius-type equation. 

2.  Materials and methods 
The chemical compositions of Ti-25Nb alloys used in this research are 85.3 at% Ti and 14.7 at% Nb. 
The specimens for isothermal compression tests were machined into cylinders 12 mm in height and 8 
mm in diameter. The hot compression testing was carried out in the temperatures range of 470-620oC 
and strain rates range of 0.001-10 s-1 by Gleeble-3500 thermal-mechanical simulator. The samples were 
extremely compressed 70% in height and the true strain was 1.2 relatively. 

3.  Results and discussion 

3.1.  Flow behaviour 
The true stress-strain curves obtained at different temperatures and strain rates (Fig. 1) show that the 
true stress increases rapidly at the initial stage in each curve, which results from work hardening caused 

http://creativecommons.org/licenses/by/3.0


2nd International Conference on Frontiers of Materials Synthesis and Processing

IOP Conf. Series: Materials Science and Engineering 493 (2019) 012154

IOP Publishing

doi:10.1088/1757-899X/493/1/012154

2

 
 
 
 
 
 

by the rapid augmentation of the dislocation density. Then, stresses quickly reach peak with greatly 
small strains. After peak stresses, stresses decrease gradually with the increase in strain at the same train 
rate and temperature. 

As Fig. 1(a), the stresses reduce with the decrease in strain rate at the same temperature in general. 
As Fig. 1(b), the stresses decrease with the increase in temperature in general at the same strain rate. As 
a result, the temperature and strain rate make a significant difference in the true stress. In this experiment, 
there are work hardening and dynamic softening caused by DRV and DRX. Generally, the true stress-
strain curves mainly show DRX characteristics with obvious peak stresses, which is a matter of balance 
between working hardening and dynamic softening. 
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Figure 1. True stress-true strain curves of Ti-25Nb alloys at different deformation conditions 
(a) T=560oC, (b)  =0.001 s-1. 

3.2.  Constitutive model 
The Arrhenius-type equation could be generally used to describe the hot deformation behavior of a 
material. In addition, the Zener-Hollomon parameter proposed by Zener and Hollomon is a valid way 
to state the effect of deformation temperature and strain rate on flow stress. Generally, the flow stresses 
of a material can be modeled by combining the Zener-Hollomon parameter and the Arrhenius-type 
equation, as shown in Eqs. (1) [4-6]. 
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Where   is the strain rate (s-1), Q is the activation energy of hot deformation (kJ/mol), R is the gas 

constant (8.314 J/mol/K), T is the absolute temperature(K), σ is flow stress (MPa), A1, A2, A, n1, n, α, 
and β are the material constants. 

By considering the value of peak stress (σp), the average values of n1, β and n acquired by Eq. (2)-(4) 
was found to be 18.089, 0.0562 and 13.472 as shown in Fig. 2a-c. 
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  ln ln sinh P T
n                                                       (4) 

 
As a result, the value of α obtained from α =β/ n1 was found to be 0.00311. The activation energy of 

hot deformation (Q) can be calculated from Eq. (5): 
 

  ln sinh (1 )PQ Rn T

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                                             (5) 

 
The average slopes of ln [sinh (ασp)] against 1000/T was found to be 5.726 as shown in Fig. 2d. So 

the value of Q could be calculated to be 641.3kJ/mol. Moreover, the value of lnA was acquired by the 
average intercepts of line ln [sinh (ασp)]-lnZ as shown in Fig. 3. All in all, the peak stress of Ti-25Nb 
alloy could be expressed by Eq. (6). 
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Figure 2. The relationship between (a) σ-ln , (b) lnσ-ln , (c) ln (sinh (ασ))- ln , (d) 1000/T- ln 
(sinh (ασ)). 

 
In this modified model, based on the peak stress proposed by Mirada [7], the activation energy (Q) 

and α are not assumed to be a function of strain. Moreover, the material constants A and n, calculated at 
different strains by previous mentioned approach, are strain dependents in this modified approach. The 
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main advantageous of this new model is that the cost of computation and time is reduced mostly as Q 
and α are constants and just only are calculated at the peak stress. 

In the present study, lnA and n were calculated between 0.05 and 1.2 with intervals of 0.05 to 
establish this modified model. The order polynomial curve of lnA and n was shown in Fig. 4. 

Considering strain-independent Q and α and strain-dependent A and n, the modified model equation 
can present in the following form: 
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Comparisons between the experimental stresses and predicted data calculated by Eqs. (7) at different 

conditions are plotted in Fig. 5. It can be seen from Fig. 5 that the modified constitutive model can 
accurately predict the flow stress of Ti-25Nb alloy. 
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Figure 3. The relationship between ln (sinh (ασ))-lnZ. 
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Figure 4. The 6th order polynomial of (a) n and (b) lnA with true strain 
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Figure 5. Comparison between the experimental and predicted flow stresses on the strain rates of 0.01 
s−1. 

4.  Conclusion 
The hot deformation behavior of Ti-25Nb alloys was investigated at deformation temperatures 470, 500, 
530, 560, 590 and 620°C and at strain rates 0.001, 0.01, 0.1, 1, and 10 s-1. The conclusions are presented 
below. 

(1) The flow stresses of Ti-25Nb alloys decrease with the decrease in strain rate and the increase in 
temperature in general. 

(2) To predict the flow stresses of Ti-25Nb alloys, modified constitutive model was established by 
strain compensation of n and A and has a high predicted ability under experimental deformation 
condition. 
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