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Effect of Zr Content in Filler on Microstructure and Mechanical Properties of
Ti—13Nb-13Zr/ZrO; Brazing Joints
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Abstract: Achieving a biocompatible joint between titanium alloy and ZrO, ceramic is of great significance to extend its application
in the biomedical field. In this paper, the joining between Ti—13Nb—13Zr alloy and ZrO, ceramics was achieved with Sn—Zr filler
metal. The interfacial microstructure and reaction products of TNZ/ZrO, joints were analyzed by X-ray diffraction, scanning electron
microscopy and energy disperse spectroscopy, and the shear test was carried out to evaluate the mechanical properties of joints. The
effect of Zr content on the interfacial microstructure and mechanical properties of the joints was also investigated. The results show
that the typical microstructure of the joints brazed at 600 ‘C for 30 min with Sn-6Zr (atomic fraction) filler metal is
TNZ/TigSns/B-Snt+Zr(s,s)+ ZrSny/m-ZrO,/ZrO,. Among all of the reaction phases, the formation of m-ZrO, facilitates the
metallurgical bonding between ZrO, substrate and brazing seam. The amounts of both Zr solid solution and ZrSn, phase increase, but
the proportion of B-Sn in the brazing seam gradually decreases with the increase of Zr content. The maximum average shear strength
of brazing joints reaches 25.6 MPa when the Zr content is 6%. According to the analysis of fracture path, the joints brazed with
Sn—6Zr mainly fracture along the -Sn in the brazing seam.
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Table 1 Chemical composition of TNZ alloy

Element Ti Nb Zr

Fe (6] C H N

Mass fraction/% Balance 13.300 0 13.000 0

0.080 0 0.100 0 0.050 0 0.0050 0.0009
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Bl 1 SnxZr £FkH XRD
Fig. 1 XRD patterns of Sn—XZr filler
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(a) Assembly diagram of
TNZ/Sn—Zr/ZrO, brazing joint
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Fig. 2 Schematic diagrams of sample

(b) Diagram of shear test

assembly and shear test
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(a) Interface microstructure

(d) Ti element plane distribution

(b) Sn element plane distribution

(e) Nb element plane distribution

(c) Zr element plane distribution

(f) O element plane distribution

K3 ARk MR R H e JEER /34600 “C, 30 min)

Fig.3 Typical interfacial microstructure and elemental distribution of brazing joints brazed at 600 ‘C for 30 min

(a) Side of TNZ alloy

(b) Side of ZrO, ceramic

K4 TNZ/ZrO, ik S0 S 2 A IR
High magnification of typical microstructure of
TNZ/ZxO, joint

Fig. 4

K5 s ZeO, MK & ZrO, M B RE#1 K] XRD 1
Fig. 5 XRD patterns of fracture surface of ZrO, side after
etching and ZrO, substrate

x2 E4hERtEZSENTTEEM
Table 2 Element content and possible phase of each point
marked in Fig. 4

Mole fraction/%
Spots Possible phases
Sn Ti Zr Nb (6}

A 0.33 7833 11.76 9.58 Ti

B 57.01  38.37 1.20 342 TisSns

C 90.18 3.37 4.82 1.63 B-Sn

D 66.39 1.68 29.82 211 ZrSn,

E 056  95.18 4.26 Z1(s,s)

F 19.18 450 3406 124 41.02 71O,

G 0.020 027 39.04 1.73 5894 Zr0,
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Fig. 6 Effect of Zr content in filler on the microstructure of TNZ/ZrO, joint
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(a) Brazed by Sn—2Zr

(b) Brazed by Sn—10Zr
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Fig. 7 Magnification of the ceramic/brazing seam interfacial
microstructure

8 Zr & BT TNZ/ZrO, 453k 1 BT U 35 5 ) 5 R
Fig. 8 Shear strength of TNZ/ZrO, joints brazed by different
Sn—Zr fillers
Holding at 600 °C for 30 min.
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(a) Brazed by Sn—2Zr

(d) Enlargement of the box in Fig. 9a

(b) Brazed by Sn—6Zr

(e) Enlargement of the box in Fig. 9b
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(c) Brazed by Sn—10Zr

(f) Enlargement of the box in Fig. 9¢c

B9 £ 600 ‘C/30 min 551 T RN F B Sn—Zr £FRF3RAF 138k & BT AR 5 1 WL Bk 12
Fig. 9 Fracture paths of joints brazed at 600 ‘C for 30 min by different Sn—Zr fillers after shear test
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Schematic of interface reaction mechanism of
TNZ/ZxrO, joints
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