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Fig.1 Schematic diagram of split Hopkinson bar system
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Fig. 2 XRD patterns of Ti-20Ta composite before and after

dynamic deformation

Kl 4 Fi7nA Ti-20Ta E-EMEHEA R RS A T
(1) 3 SI T 4 I8 7 — AR it 2 A K R 4 ) IR RE o B
B ASTE M 0.004 s A 2002 57, Ti-20Ta 444
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Fig. 3 Microstructures of Ti-20Ta composite: (a) Low
magnification; (b) High magnification, showing diffusion

between Ti-Ta; (c¢) Lamellar structure in Ti-rich area
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Table 2 Chemical compositions of different zones

Mole fraction/%
Zone
Ti Ta
A 93.97 6.03
B 56.12 43.88
C 2.33 97.67
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Fig. 4 True compression stress—strain curves of Ti-20Ta composite at 0.004 s '(a), 566 s ', 1223 s~ and 2002 s~'(b) with images of

compressed specimens
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Fig. 5 Compression fracture morphologies of Ti-20Ta composite: (a) 0.004 s'; (b) 1223 s™'; (¢), (d) Higher magnifications of

Fig. 5(a)
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Fig. 6 Cross section images of Ti-20Ta composite after deformation at different strain rates: (a), (b) 1048 s (c), (d) 1223 5!
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Fig. 7 True compression stress—strain curves of pure Ti and

Ta under quasi-static deformation(a) and dynamic deformation(b)
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Fig. 8 Comparison between experimental flow stresses and their corresponding flow behaviors by using modified J-C plastic model

for Ti-20Ta composite at different strain rates: (a) 0.004 s'; (b) 566 s '; (c) 1223 s7'; (d) 2002 5™
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Table 3 Parameters for J-C model of Ti-20Ta composite,

purity Ti and purity Ta
Sample A B n C
Ti-20Ta 919.36 489.95 0.5606 0.02109
Ti 615.82 509.13 0.438 0.0246
Ta 415.78 59.72 0.2451 0.04453
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Dynamic behavior of
biomimic structure Ti-Ta metal-metal composite

LI Mou', LIU Yong', LIU Bin', WANG Bing-feng?, LI Nian-feng’, XU Sheng-hang" ¢, CHEN Man-ke'

(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
3. Department of Hepatobiliary and Pancreatic Surgery, Xiangya Hospital, Central South University,
Changsha 410008, China;
4. College of Materials Science and Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Materials with shell-like or layered structure exhibit both high strength and toughness, which makes them
become one of the important design models for material structure optimization. A Ti-Ta metal-metal composite with
biomimic structure was prepared by powder metallurgy and thermal processing, and its dynamic behavior was studied.
The results show that biomimic interface structure has an important influence on the deformation of the Ti-Ta composite,
and the fracture behavior includes crack bridging and lamellar spallation. The metal-metal composite is subjected to the
combined effects of strain rate strengthening, strain strengthening and adiabatic softening. Specifically, the yield strength
of the composite increases with the increase of strain rate, and the flow stress changes more gently with the increase of
deformation at high strain rate. The modified Johnson-Cook (J-C) constitutive model can well describe the dynamic
behavior of Ti-Ta composite, and it is found that the strain rate strengthening index C of Ti-Ta composite is much lower
than that of pure Ta and slightly lower than that of pure Ti.

Key words: Ti-Ta metal-metal composite; strain rate strengthening; adiabatic softening; Johnson-cook constitutive model

Foundation item: Project(51625404) supported by the National Natural Science Foundation of China Distinguished
Young Fund; Projects(CX20190190, 2019zzts134) supported by the Fundamental Research Funds for
the Central Universities of Central South University, China; Project(2016YFB11d403) supported by
the National Key R&D Program of China

Received date: 2019-08-16; Accepted date: 2019-11-26

Corresponding author: LIU Yong; Tel: +86-731-88836939; E-mail: yonliu@csu.edu.cn

(458

T B



