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Fig. 1 Longitudinal-section microstructures at edge position of bar after different procedures (Drawing direction is parallel to
horizontal direction): (a) Hot rolling; (b) Oxidizing; (c) Hot drawing; (d) High temperature annealing (700 ‘C, 2 h); (e) Hyperbola
straightening; (f) Low temperature annealing (580 C, 2 h)
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Fig. 2 Longitudinal-section Vickers hardness of bars after
different procedures: (a) Hardness distribution from center to

edge; (b) Average hardness
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Fig. 3 Longitudinal-section microstructures at edge position of hot drawing bar after different high temperature annealing
procedures (Drawing direction is parallel to horizontal direction): (a) 700 °C, 0.5 h; (b) 700 °C, 2 h; (c) 700 C, 10 h; (d) 730 C, 0.5
h; (e) 730 °C, 2 h; (f) 730 °C, 10 h; (g) 750 'C, 0.5 h; (h) 750 'C, 2 h; (i) 750 C, 10 h
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Fig. 4 Longitudinal-section microstructures at edge position of straightening bar after different low temperature annealing

(Drawing direction is parallel to horizontal direction): (a) 580 “C, 2 h; (b) 620 ‘C, 2 h; (¢) 660 C, 2 h; (d) 700 C, 2 h
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Fig.5 Longitudinal-section average hardness of straightening

bar after different low temperature annealing procedures
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Fig. 6 Longitudinal-section average hardness of hot drawing

bar after different high temperature annealing procedures
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Fig. 7 Longitudinal-section microstructures at edge position of bar after different high and low temperature annealing (Drawing
direction is parallel to horizontal direction): (a) 730—580 ‘C, Sample 1; (b) 730—640 C, Sample 2 ; (c) 750580 ‘C, Sample 3; (d)

750-640 C, Sample 4
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Table 1 Mechanical properties of TC4 alloy bars after different high and low temperature annealing procedures

Sample No. Temperature/‘C 09,/MPa oy/MPa Al% Z1% E/GPa Hardness, HV
1 730-580 917+38 995+5 15+0.6 45+0.7 99+4 328+3
2 730-640 887+8 967+3 17+0.5 54+0.9 98+3 321%5
3 750-580 907+38 982+3 16++0.7 461+0.6 94+5 327+5
4 750-640 859%5 945+5 19+0.4 44+0.8 96+3 319+3
GB/T 13810 =860 =930 =10 =25 - -
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Fig. 8 Photo of medical U-shaped nail
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Fig. 9 Necking size of U-shaped nails after different high and
low temperature annealing: (a) Change of necking size; (b)

Average necking size
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Microstructure control of medical TC4 alloy bar and
necking property of U-shaped nail

BAI Peng-feil, MIN Xiao-hua!, TAO Xiao-jiez, ZHONG Gong-chengz,
BAI Shu-yu?, CHENG Cong-gian', ZHAO Jie'

(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China;
2. Dalian Suntec Titanium Co., Ltd., Dalian 116600, China)

Abstract: Comparing with microstructure and mechanical property of TC4 alloy bar after different procedures. The
results show that the recrystallization microstructure of the bar is found to be affected significantly by high temperature
annealing, while the mechanical property is affected by hyperbola straightening and low temperature annealing. The
recrystallization degree of hot drawing bar is sufficient after being annealed at 730—750 °C for 2 h. Optical microstructure
of straightening bar does not change significantly, but the Vickers hardness decreases evidently after being annealed at
580—700 C for 2 h. When the high and low temperature annealing are performed at 730—750 °C and 580 °C, respectively,
the mechanical property of the bar is suitable for the medical TC4 alloy based on the microstructure control. In addition,
the necking size of U-shaped nail processed from the bar is desirable to be lower than 0.05 mm.

Key words: TC4 titanium alloy; U-shaped nail; necking size; microstructure; mechanical property
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