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Fig.1  Semi-empirical 

Bo Md−

 map for titanium alloys with 

alloying vectors of several elements. The magnified part of 

the map is the design place of interest (the red dash-line 

rectangle), where the composition of as-designed Ti-12Mo, 

Ti-9Mo-6W and Ti-12Mo-4Zr is presented 
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Table 1  Calculated Bo, Md, e/a ratio and Mo equivalent of 

each composition 

Alloys Bo Md e/a [Mo]eq 

Ti-12Mo 2.807 2.416 4.127 12 

Ti-9Mo-6W 2.809 2.417 4.133 11.6 

Ti-12Mo-4Zr 2.817 2.427 4.130 12 

Mean d-orbital Energy Level, 
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� 2  QRP¤ Ti-6Al-4V P�¦§¨�©Gum alloys X

18.8%Mn TRIP/TWIP @AªCvCE«¬XPAj

%yzm«¬ 

Fig.2  True stress-strain curves of as-designed Ti-Mo based alloys, 

Ti6Al4V, Gum alloy and 18.8%Mn steel (a); strain-hardening 

rate curves of so-designed Ti-Mo based alloys (b) 
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� 3  Ti-12MoP�>�CEA OM®¯ 

Fig.3  Typical optical micrographs of ST Ti-12Mo alloy at strains of 0 (a), 0.02 (b), 0.05 (c), 0.15 (d) and 0.25 (e) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  Ti-12Mo-4ZrP�°±HcEI²³A TEM�´µ¤

¶´µ 

Fig.4  TEM images of the deformation-induced ω phase at the onset 

of plastic deformation of the Ti-12Mo-4Zr alloy: (a) bright-field 

image and (b) dark-field image (the corresponding diffraction 

patterns are presented in the insets of dark-field image, showing 

a difference of the diffraction intensity between the two variants 

(ω

1

 and ω

2

 of the four variants) of ω precipitates) 
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Fig.5  TEM images of a deformed zone: (a) bright-field image;  

(b) a {332}<113>twinning interface with (c) identification 

from the SADP; (d) ACOMTEM mapping of α˝ phase 

distribution and orientation; (e) misorientation measured 

between the primary and secondary α˝ 
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Large Ductility and Improved Strain-hardening Behavior 

 

Zhang Jinyong

1,2,3

, Li Jinshan

3

, Chen Zheng

1

, Meng Qingkun

1

, Zhang Ping

1

,  

Shen Chengjin

1

, Shen Baolong

1

, Sun Fan

2

 

(1. China University of Mining and Technology, Xuzhou 221008, China) 

(2. PSL Research University, Chimie ParisTech-CNRS, Institut de Recherche de Chimie Paris (UMR 8247), Paris 75005, France) 

(3. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: Inspired from the superior mechanical properties of TRIP/TWIP steels (TRIP for transformation induced plasticity and TWIP 

for twinning induced plasticity), a new type of metastable β Ti-alloys showing combined TRIP/TWIP effects through controlling the β 

stability of Ti-alloys was reviewed. The alloys were designed based on the “d-electron alloy design method” and controlling of 

electron/atom ratio (e/a). The results show that so-designed alloys display excellent combination of high strength (ultimate tensile strength 

900~1200 MPa), high ductility (uniform elongation 40%) and improved work-hardening behavior. The detailed microstructural analysis 

indicates that the superior performances arise from the synergic effects between α˝ phase transformation induced plasticity (TRIP) and 

{332}<113> twinning induced plasticity (TWIP).  

Key words: β Ti-alloys; TRIP/TWIP effects; mechanical behavior; deformation mechanism 
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