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Microstructure and mechanical properties of Ti6Al7Nb and
Til4Nb13Zr alloys for surgical implants

WANG Wei-min, LUO Bin-li
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Abstract: Under the commercial run condition, the preparation technology, microstructure, mechanical properties,
biological properties and clinical application of Ti6Al7Nb and Ti13Nb13ZrZr alloys were investigate. The results show
that the chemical composition, microstructure and properties of bar and sheet meet the challenge of GB23102—2008,
ISO5832—11 and ASTM F1295. The alloys possess nontoxic component and better biological compatibility. So, it is

preferable surgical implant. The hundreds clinical experimental results show that Ti6Al7Nb has excessively curative

effect.
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Table 1 Experimental scheme

No. Process Parameter

A Diameter of 220 mm—(Three-level
drawing)—Diameter of 130 mm
1 Bar
B Diameter of 220 mm—(Forging)

Diameter of 120 mm

A Diameter of 120 mm—(Precision
froging) Diameter of 30—75 mm
B Diameter of 120 mm—(Forging)
2 Wire Diameter of 45 mm—(Rolling)
Diameter of §—27 mm
C Diameter of 8 mm—

Drawing diameter of 2.5-6.1 mm

1) Ti6AI7Nb 700, 800, 900,
Heat 1000 °C, 1 h, AC

2) Til3Nb13Zr ST(780 °C solution);
STA(780 °C, 1 h solution+500 ‘C/6 h aging)

treatment
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Table 2 Composition of Ti6Al7Nb alloy (mass fraction, %)
Position Al Nb Fe C N H (0]
Top 6.02 6.86 0.038 0.012 0.005 0.002 0.14
Middle 6.05 6.74 - - - - -
End 6.13 6.79 0.039 0.013 0.005 0.001 0.14
Average 6.067 6.797 0.0385 0.0125 0.005 0.0015 0.14
Deviation 0.11 0.12 0.001 0.001 0.000 0.001 0.00
ASTM F 1295 5.5-6.5 6.5-7.5 <0.25 <0.08 <0.05 <0.009 <0.20
ISO 5832—3 5.5-6.75 6.5-7.5 0.3 0.08 0.05 0.012 0.20
GB 13810 5.5-6.5 6.5-7.5 <0.25 <0.08 <0.05 <0.009 <0.20
# 3 Til3AlI3ND GaHEERL sy
Table 3 Composition of Ti13Nb13 Zr alloy (mass fraction, %)
Position Nb Zr Fe C N H (0]
Top 13.72 13.43 0.027 0.012 0.006 0.001 0.13
Middle 13.56 13.49 - - - - -
End 13.67 13.36 0.029 0.011 0.005 0.001 0.11
Average 12.94 13.427 0.028 0.0115 0.0055 0.001 0.12
Deviation 0.16 0.13 0.002 0.001 0.001 0.000 0.02
ASTM F1713—43 12.5-14.0 12.5-14.0 <0.25 <0.08 <0.05 <0.009 <0.15
GB 3620 12.5-14.0 12.5-14.0 <0.25 <0.08 <0.03 <0.012 <0.15

4 TiOAITND 5L i L2721 4y
Table 4 Composition of Ti6Al7ND alloy (mass fraction, %)

%5 Til3NbI13Zr £ 4 H 5 ik 2% sy
Table S Composition of Ti13Nb13Zr alloy (mass fraction, %)

Element Nb Al Element Nb Zr
No.1 6.86 6.030 No.1 13.66 13.40
No.2 6.90 6.110 No.2 13.74 13.38
No.3 6.75 6.060 No.3 13.68 13.41
No.4 6.78 6.120 No.4 13.61 13.51
No.5 6.69 6.050 No.5 13.76 13.35
No.6 6.85 6.050 No.6 13.71 13.44
No.7 6.80 6.040 No.7 13.51 13.41
No.8 6.79 6.060 No.8 13.67 13.34
No.9 6.80 6.000 No.9 13.71 13.47

Average 6.802 6.058 Average 13.726 13.412

Deviation 0.11 0.12 Deviation 0.15 0.17

(L 1A); NS R AL PUAH DX BRI BEFL N I,
TR AR (LS 2B, 2 M ek 1 L
ZTTE N 2 A MR RORG B « FLPR ISRV 42
RIS BN, 2 PG i TR SR ) ik
AL W 1~3. ANFERUS A DA TERE LR 6.

2.3 PULIEX BRLALFAME RSN

WEFER W], Ti6AI7Nb &4:7E 700 ‘CIBKI, o 4
RAFEE S, TERYIE ot g HAAE; i
Fhi %] 800 CHY, ZHZSAL e 551l il
900 CIf, fEimFadferd, AHYECE ) o AHE AR kT
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Bl 1 Ti6AI7Nb Fl Til3Nb13Zr 75 &R FRE WiTH 44 4121
Fig. 1 Metallographs of Ti6AI7Nb (a) and Til3Nb13Zr (b)
alloy bar blank

B2 Ti6AI7Nb Fl Til3Nb13Zr & S k5HHE A
Fig. 2 Microstructures of Ti6AI7ND (a) and Til3Nb13Zr (b)
forging alloys

B3 Ti6AI7Nb Fl Til3Nb13Zr &4 5LFE B4
Fig. 3 Microstructures of Ti6Al7ND (a) and Til3Nb13Zr (b)
alloy

% 6 Ti6AI7Nb FI Ti13Nb13Zr & &b 1) s il hr vk g
Table 6 Mechanical properties of foreign Ti6Al7Nb and
Ti13Nb13Zr alloy bars

Alloy Diameter/mm o,/MPa 0y,/MPa /% d%

TC20 65 985 845 14.0 465

TC20 12 1020 865 125 39.0

TC20 17 1015 870 13.5 440

TC26 8 890 735 16 54

TC26 17 865 715 21 61

TC26 55 850 720 19.5 69
IE: gl Wi 4.

AR B A, TSR B XS A2 M il BE7E 1000 °C
i, AR EMBICHLRE, BAHEM B FIRAL
HIEMT B didt. Kl 4 Pros Ti6ALTND 54 800 C
11000 CIB KA MY ) BT

EjIEx R, fE 700~900 C FiB ok, L4k S50
4 at(B) AR A I AR AHAR )L EFR) 1000 ClindAunt,
TR TR R IR B R, A SR B
FEAR(E 7). K, Ti6AI7ND & 4B K AL BRE FE N A
700~900 °C.

Til3Nb13Zr G NI B &4, GEN atp—p
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AR 735 Co TMPE=rHRH T 780 'C. 1~2 h
[ 53B K FN(780 "C 1 h)+H(500 “C. 4~6 h)[EVE I % T
20, ot S A SR fE WL S R 8.

24 EERYIIRMERE
2 P& PIAHAR f. S, R, FRPERLE . pp
RIS TR 9. 3R 9 W4, Til3Nb13Zr 4 HA

Bl 4  Ti6AITND < AN AR K EE G AHZH 21
Fig. 4 Metallographs of Ti6A17ND alloy at different annealing
temperatures: (a) 800 C; (b) 1 000 C

RT AR K E TIOAITND £ 40l K 1) = b g
Table 7 Mechanical properties of Ti6Al7Nb alloy bars at

different annealing temperatures

Tepmparture/ Diameter/
U'm/MPa UPOAQ/MPa 0/% ¢/%

AR, SRR R N .

2.5 EEREHEME
2 PP G WA LR 10, R 10 BT 401 2 Fp
B e WL IEA 2

2.6 AEHIREFSIERE
2 PR EIERES TR 11, AT e 2 P4
(I 55 PEREB AR = o

5 Til3Nb13Zr £ <l %A [ I R (e 2] 24
Fig. 5 Microstructure of annealing Til3Nb13Zralloy: (a) 780
°C solution; (b) 780 ‘C/1 h+500/6 h

8 Til3Nb13Zr F Il A [ N 2 A ) = b e P
Table 8 Mechanical properties of Til3Nbl3Zr alloy bars

C mm after solution and ageing
700 17 987 925 17.5 515 Treatment Diameter/mm o¢,,/MPa oy0o/MPa 6/%  ¢%
800 17 975 915 15.0 46.5 Solution 11.5 835 700 24 74
900 17 945 815 19.0 435 ion+
Solution 115 875 780 205 67
1 000 17 860 765 8 19.5 ageing
%9 Ti6AI7Nb Fl Til3Nb13Zr & &Pk
Table 9 Physical properties of Ti6A17Nb and Til3Nb13Zr alloy
o ) 4 Elasticity modulus/  Impact toughness/
Alloy Phase transformation/’C  Density/(g-cm ~) Hardness, HB 5
GPa (J-em ™)
Ti6 AI7NbNb 1010 4.54 280283 105~115 41~45
Til3Nbl13Zr 735 5.1 235281 79~84
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A EHEZN AN« ARINSEIRIES R, I T
2 P M. 2 PGS E A 2 (R 40
Jif 55 55 RN T A s £ 5 B0 RN 7 iR B 45 R L 12
13,

A A R A K], 2 Mol IR U
JIEJls 2 O A Hela 400 (1) TEA G W] 2 509, RGR JKF
53124 100 F1 101, 4 EEPE SN 200 ok (bR EEsK

%10 Ti6AI7ND Fl Til3Nb13Zr &4 Ik 241
Table 10 Fracture toughness property of Ti6Al7Nb and
Ti13Nb13Zr alloys

Alloy Treatment Kic/(MParm™ %)
Ti6A17NbNb 700 C, 1 h annealing 60~70
Til3Nbl13Zr 780 °C solution 65

% 12 Ti6AI7Nb Fl Til3Nb13Zr & &MEYHI 2
Table 12 Biology Compatibility of Ti6Al7Nb and Til3Nb13Zr

F 11 Ti6AI7Nb I Til3Nb13Zr &4 IR 5 1k

Table 11 Fatigue property of Ti6Al7Nb and Til3Nbl3Zr
alloy
Alloy Treatment Stress/MPa  K; Cycle
700 °C, 1h ;
Ti6A17NbNb 700 1.0 >10
annealing
Til3Nb13Zr Aging 700 1.0 >10

ART 180, FFHER.

PRI ATIEERKNT, AN 1 JIRE i e
R4 0 0.71 45 KN 4 Fh 1.04 4% RA 12
J2 1.76 73s HHN 26 JH 2 0 s RIBCEZI% 0 okl
e ALY BB A SRR, A 26 JJS,
Ti6AI7Nb H1 Til3Nb13Zr 5 5k [T i 7 4
HERE, LT CURF O SR E PR S (ASTMYRESMEHE A
MR A (PRI OB . HEVFA D) R B A
WEAHZULE 6.

Alloy 4 weeks 8 weeks
Inflammatory/cell Film thickness/pm Inflammatory/cell Film thickness/pm
Ti6Al7NbNb 10 5.66 9 12.31
Ti-13Nb-13Zr 9 5.42 7 11.89
% 13 Ti6AI7Nb F Til3Nb13Zr &4 (114 Mk
Table 13  Bitoxicity of Ti6A17Nb and Til13Nb13Zr
Alloy 2 week 4 week 6 week
RGR Cytotoxicyty RGR Cytotoxicyty RGR Cytotoxicyty
100 0 101 0 100 0
Ti-6Al-7Nb 100 0 100 0 100 0
100 0 100 0 100 0
100 0 101 0 100 0
Ti-13Nb-13Zr 100 0 100 0 100 0
100 0 100 0 100 0

E 6 Ti6Al7Nb Hil Ti13Nb13Zr & 4Rk R4 23254

Fig. 6 Microstructures of Ti6AI7Nb (a) and Til13Nb13Zr (b) alloys after 26 weeks
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400 kg, K ESMT R 22 443T 1500 kg

3 Zig

1) 1477 Ti6AI7Nb Al Til3Nb13Zr & 44b2%
BAr s WA 2R D) S P RE 38R 2 GB/T 13810—
2007. GB 23102—08. ASTM F 1295, ISO 5832—3
PRAERIEEK .
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,,JJM&MUELL AIERAF TS TolmAT . 4H

AU BEDL B A Ti6AI7ND AT Til3Nb13Zr &4 T

3) AWy EE kR 45 R R W], TibAITNb Al
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