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Biocompatibility of new titanium alloy TZNT for
surgical implant application

LI Jun', LI Zuo-chen®, CHEN Du-juan’

(1. School of Materials Engineering, Shanghai University of Engineering Science, Shanghai 201620, China;
2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The biocompatibility of a new titanium alloy Til12.5Zr2.5Nb2.5Ta (TZNT) for surgical implant application was
investigated by hematolysis test, cytotoxic test and subcutaneous implantation test. The three standard titanium alloys
Ti6Al4V, Ti6A17Nb and TA2 for surgical implant application were taken as contrast materials. TZNT subjected to the full
annealing treatment (700 , 45 min, AC) is composed of a large number of lamellar a-phase clusters with different
orientations and a small amount of f-phase between lamellar a-phase. The hematolysis test result shows that the
hematolysis rate of TZNT is 0.683% (less than 5%), which indicates that the acute hematolysis cannot be induced by
TZNT. The cytotoxic test result shows that the relative cell proliferation rates of TZNT, Ti6Al4V and Ti6Al7NDb are more
than or equal to 100% at different cultivation periods (2, 4 and 6 d), the cytotoxicity is ranked as 0 grade, which indicates
that three titanium alloys cannot induce the cytotoxic effect. The subcutaneous implantation test result shows that the
density of inflammation cells and the thickness of fibrous membrane decrease in the TZNT and TA2 groups at different
implantation periods (4 weeks and 8 weeks) to white mice when compared with those in the Ti6Al4V and Ti6A17Nb
groups. For TZNT implanted for 4 weeks, the tissues surrounding TZNT are good, the fibrous membrane is very loose
and the interface between the fibrous membrane and the tissues is very obscure. When the implantation period increases
to 8 weeks, the density of inflammation cells further decreases. Other than that, the fibrous membrane also gets compacter

and thinner. The comprehensive evaluation results show that the new titanium alloy TZNT possesses good
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biocompatibility and is an ideal biomedical material.
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subcutaneous implantation
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Table 1 Chemical composition of TZNT

Mass fraction/%

Alloy
Ti Zr Nb Ta
Nominal 82.5 12.5 2.5 2.5
Testing 82.3 12.4 2.5 2.8
12 a+plp
o+plp
NETZSCH

5 cm>=5 cm><40 cm

13
Rigaku D/mas 2550V X (XRD)
TZNT Cu (
)=0.154 06 nm) 40 kV 100 mA
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10%HF+60%HNO5+30%H,0
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3 70
2% 100 pL 100 puL
1) 10 mL 24 6d
0.5 mL 4 mL 5 3) Ri=15
mL 4d
2) S5¢g 10 mL 2 4 o6d
10 mL 20 uL MTT  (Sigma, USA 5
10 mL mg/mL ) 6 h
3 150 pL (Amresco, USA)
9 37 30 min 10 min
0.2 mL 37 500 nm
60 min 4) (R)
3) > min (2300 p—pp,.100% )
r/min)
R D (
(OD) 545 nm 3
) Dy
K 1 5) 2 6
n= Di=Dye x100% (1) 0 1
Dpc -D,. )
D, Dy 3~5
Dy
5% 2
50, Table 2  Grade evaluation of standard cell cytotoxic
Grade Relative cell proliferation rate/%
0 =100
15 1 75-99
TZNT Ti6Al4V  Ti6AI7Nb 2 50-74
9 mm><9 mm>1 mm 3 25-49
3 4 1-24
10 min 10 min 5 0
3 60
121 20 min 16
1) 10% SD
DMEM (cm? 20 4 8 10
(mL) Ri=1.5 R,=3 R;=6 TZNT Ti6Al4V Ti6Al7TNb  TA2
37 2 mm 1 mm
24 h 400"
0.22 pm
300 mg/mL 3 20 min 3
37 121 20 min
2)
1><10°/mL 1)
96 300 uL 3
8 40~50 mg 1%

(37%2)  CO, 5%)  24h
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Fig.1 Schematic diagram of subcutaneous implanting test:

(a) Shape of sample; (b) Implanting position
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Table 3  Absorbance values of different groups and
= hematolysis rate of TZNT group
?r_{ Group Absorbance value”  Hematolysis rate/%
% a o S &~ TZNT 0.014 3
S L % Ez; % %gg Negative group 0.009 3 0.638
20 20 4'0 5‘6}“* 6IJA 7'0 20 Positive group 0.796 3
20(°) 1) Average value.
3 (700 45min AC) TZNT XRD
24
Fig.3 XRD pattern of TZNT alloy after full annealing (700
, 45 min, AC)
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Fig.4 OM image of TZNT alloy after full annealing (700
45 min, AC) 4 ( 5
6) 3
2.3 100% 0 3
5 TZNT

3 4d OM 5



20 4 TZNT 761
4
Table 4  Absorbance values of different groups
. Negative Positive TZNT Ti6A17Nb Ti6Al4V
Time/d
group  group R, R, R, R, R, R, R, R, R;

2 0.35925 0.18775 0.36012 0.359 55 0.359 31
0.408 88 0.28575 0.41263 0.41135 0.41078
0.478 63 0.23513 0.48023 0.48002 0.478 85

0.360 08 0.36015 0.359 72

0.35987 0.35941 0.359 30

041221 041028 0.41021 0.41009 0.40986 0.409 21
0.48049 0.48015 047983 0.48002 0.47872 0.478 65

5
Table 5 Relative cell proliferation rates of different groups
Time/d Negative group  Positive group TZNT Ti6AI7Nb Ti6Al4V
I Ry R; R, R, R, R, Ry R;
2 100 52 100 100 100 100 100 100 100 100 100
100 70 101 101 100 100 101 100 100 100 100
100 49 100 100 100 100 100 100 100 100 100
6
Table 6 Toxicity grades of different groups
Time/d Negative group  Positive group TZNT Ti6AI7Nb Ti6Al4V
I Ry R; R, R, R, R, Ry R;
2 0 0
4
TZNT 7 4 8
Table 7 Densities of inflammation cells and thickness of
fibrous membranes of different groups implanted different
materials for 4 and 8 weeks
Density Thickness of fibrous
Group
TZNT 4 week 8 week 4 week 8 week
TZNT 9 7 11.89 5.32
Ti6A17Nb 10 9 12.31 5.66
Ti6Al4V 10 9 12.53 5.71
25 TA2 9 6 11.71 5.02
1) Inflammation cells number every network.
4
24 48 h Ti6Al4V
Ti6Al7Nb
TZNT TA2 Ti6Al4V  Ti6Al7Nb
TZNT 4 8 6
6(a) (b)
7 4 8
7 TZNT TA2
4 8 8
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Fig.5 OM images of cells in different groups cultivated for 4 d at R|=1.5: (a) Negative group; (b) TZNT alloy group; (c) Positive
group
6 TZNT 4 8

Fig.6 Morphologies of tissues of group implanted TZNT for 4 and 8 weeks: (a), (b) 4 weeks; (c), (d) 8 weeks
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3 [13-15]

Table 8 Chemical properties of some principle corrosion products associated with corresponding alloying elements!'> '
Element Principle corrosion Relative dielectric Formation enthzillr)y, ok Biocompatibility
product constant AH,g4/(kJ-mol )
A% V,0s5 -2 818 10 Toxic
Al Al O; 5-10 —1 680 15 Potentially necrotic
Ti TiO, 110 —945 18 Inert
Zr 710, 10—18 —1 088 17 Inert
Nb Nb,Os 280 =794 20 Inert
Ta Ta, 05 12 —2054 20 Inert
\'% TZNT TA2
V,0s  pk 14 Ti6Al7Nb
Ti6Al4V
4) TZNT Ti6Al7Nb Ti6Al4V
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