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Composition, microstructure and mechanical properties of
Ti6Al4V(ELLI) alloy bars for surgical implants

WANG Wei-min, LIN Shao-hua, LI Lei, CAO Ji-min

(Xi’an Saite Metal Material Co., Ltd., Xi’an 710016, China)

Abstract: Through investigation on composition, microstructure and mechanical properties of foreign surgical implant

and domestic product, it is found that domestic product has the same nature with the foreign surgical implant, but there
are variations of stability in quality, composition, microstructure and properties. Through the development in recent years,
effective control measures for composition, microstructure and properties of surgical implants were obtained by Xi’an
Saite Metal Material Co., Ltd., to provide high-quality products for surgical implants.
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Ti6Al4V(ELI) Al V
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460~720 mm d220
mm
ASTM F136-2a, 1SO-5832-3
GB/T13810—2007 Al V
V(HF):V(HNO,):V(H,0)=1:3:10 Fe C O Ti6Al4V(ELI)
Ti6Al4V NIKON H N
MTS810
Ti6Al4V(ELI)
2 2.2
3 1
21
Ti6 Al4V(ELI)
1 Ti6AI4V(ELI)
Table 1  Composition of foreign Ti6Al14V(ELI) alloy
Sample Mass fraction/%
Al \% Fe C N H o
1 5.90 3.95 0.12 0.008 0.009 0.002 0.11
2 6.01 3.97 0.14 0.009 0.004 0.002 0.10
3 597 4.00 0.12 0.009 0.006 0.001 0.10
4 6.04 3.96 0.14 0.008 0.005 0.002 0.11
5 6.02 3.98 0.11 0.011 0.008 0.002 0.09
6 5.98 3.96 0.16 0.017 0.002 0.003 0.10
Average 5.987 3.97 0.132 0.103 0.005 6 0.002 0.102
Deviation range 0.07 0.05 0.05 0.009 0.007 0.002 0.02
ELI ASTM F 136 5.5-6.5 3.5-45 0.3 0.08 0.05 0.012 0.13
ISO 5832-3 5.5-6.75 3.5-45 0.3 0.08 0.05 0.012 0.20
ELI GB 13810 5.5-6.5 3.5-45 0.25 0.08 0.03 0.012 0.13
2 Ti6Al4V(ELI)
Table 2 Composition of domestic Ti6AI4V(ELI) alloy
Sample Mass fraction/%
Al \'% Fe C N H o
1 6.08 4.10 0.09 0.02 0.008 0.001 0.06
2 6.03 3.80 0.06 0.02 0.019 0.001 0.08
3 6.10 4.05 0.05 0.01 0.006 0.001 0.09
4 5.87 4.30 0.06 0.02 0.012 0.002 0.06
5 5.88 3.90 0.10 0.02 0.016 0.002 0.12
6 6.13 3.80 0.04 0.02 0.013 0.001 0.08
Average 6.00 3.99 0.067 0.018 0.0123 0.001 3 0.081
Deviation range 0.26 0.30 0.070 0.010 0.010 0.001 0.06
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3 Ti6Al4V(ELI)
Table 3 Mechanical properties of foreign Ti6Al4V(ELI) alloy

bars (d 5-20 mm) at room temperature

No. R/MPa Rp0/MPa A% Z2/%
1 1030 816 15 45
2 1047 885 16 47
3 1034 846 17 47
4 1020 814 16 44
5 970 861 15 49
6 998 857 17 51
Average 1016.5 846.5 16 47.2
60 MPa
40 MPa Ti6Al4V(ELI)
Ti6Al4V(ELI) 4
Al 'V gt RS
Ti6AI4V(ELI) 1 Ti6AI4V(ELV)
Fig.1 Microstructures of foreign Ti6Al4V(ELI) alloy:
(a) Horizontal; (b) Vertical
4 Ti6Al4V(ELI)
Table 4 Mechanical properties of domestic Ti6Al4V(ELI) Ti6Al4V(ELI)
alloy bars (d 9—16 mm) at room temperature 2 2(b)
No. R./MPa Rpo2/MPa A% Z2/%
1 930 880 15.5 52
2 965 905 16 43 d9 mm 5~10 um d12 mm
3 935 865 15 49 15 pum, d14 mm
4 915 860 17 53 30 pum
5 985 910 17 51
6 975 885 15 49
Average 950.8 884.2 15.92 50.3 TC4
2.3 (4]
Ti6 Al4V(ELI) Ti6Al4V(ELI)
14 mm
( 1)
(
1(b))
Ti6Al4V(ELI) 24

Ti6AI4V(ELI)
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2 Ti6Al4V(ELI)
Fig.2 Microstructure of domestic Ti6A14V(ELI) alloy: (a) 9 mm; (b) 15 mm; (c) 12 mm; (d) 14 mm

( 5 30 mm) ( 30 75 mm)
( 30 75 mm)
Ti6Al4V(ELI)
Ti6Al4V(ELI) 4 75 mm
5 3 1~4
2~6
5 Ti6Al4V(ELI)

Table 5 Mechanical properties of Ti6AI4V(ELI) alloy bars
(d 10-60 mm) produced by Saite company

No. R./MPa Ry2MPa A% Z/% 1) Ti6Al4V(ELI)

1 1015 820 15.2 426 O Fe H
2 1026 880 16.1 47.1 C N

3 1008 838 15.6 472

4 1020 832 17.2 448 2

5 1017 829 16.1 487

6

998 837 15.9 47.5 Ti6Al4V(ELI)
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3 Ti6Al4V(ELI)
Fig.3 Microstructures of Ti6A14V(ELI) alloy produced by Saite company: (a) d 10 mm bar, horizontal; (b) d 10 mm bar, vertical;
(c) d 40 mm bar, horizontal; (d) d 60 mm bar, horizontal

(2)

4 d75mmTC4

Fig.4 Transverse microstructures of TC4 alloy bars with diameter of 75 mm at different locations: (a) Rim; (b) R/2; (c) Center
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