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Fig.1 Schematic diagram of hot forming die
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Fig.2 TC4 titanium lotus seedpod-like core after high-temperature

creep forming process
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Fig.3 Brazing assembly of titanium sandwich structure with lotus

seedpod-like core
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Fig.6 XRD pattern of brazed joints at the brazing temperature of
920 °C for 15 min
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Fig.4 Microstructures of TC4 base metal (a) and lotus seedpod-like

core (b)
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Partition
A Fraction Fraction
I Titanium (5) 0.021 0.021
1 Titanium («) 0.810 0.810
[ copper Titanium (1/2)  0.161 0.161
L Nickel Titanium (C) 0.007  0.007

20 um
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Fig.5 Microstructure of brazing interface at the brazing temperature

of 920 ‘C for 15 min
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Table 1 EDS analysis results of brazing interface A and B positions g - 7 X X W % “'—.
in Fig.5 (w/%) )\.%
. 450
Position Ti Al \Y Zr Cu Ni
A 8811 409 111  3.63 2.54 0.52 K18 AR 920 “C. LRI (] 30 min &R FHIBHOU 441

Fig.8 Microstructure of brazing interface at the brazing temperature of
920 °C for 30 min

B 75.44 2.73 2.05 4.70 10.53 4.56
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Table 2 EDS analysis results of brazing interface C and D

positions in Fig.8 (/%)

Position Ti Al \Y/ Zr Cu Ni

o 89.48 6.03 1.43 1.74 1.05 0.27

D 72.45 2.71 5.57 2.03 8.66 8.57
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Fig.9 Microstructure of brazing interface at the brazing temperature

of 920 °C for 60 min
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Table 3 EDS analysis results of brazing interface at the brazing

temperature of 920 C for 60 min (/%)

Ti Al \% Zr Cu Ni

88.82 5.43 2.02 0.61 0.55 0.25
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Fig.10 Microstructure of brazing interface at the brazing temperature of

920 °C for 90 min
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K Phaze Fraction Fraction
Il Titanium(®) 0055 0055
| Titanium (@ 0914 0914
5 2[ ] CcopperTitanium (1/2) 0030 0030
. Nickel Titanium (C)  0.001  0.001
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Fig.11 EBSD image and analysis result of brazing interface at the

brazing temperature of 920 ‘C for 90 min
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Table 4 Flat compression strength of brazed sandwich structures
at the brazing temperature of 920 ‘C for different brazing

time

Brazing time/min Flat compression strength/MPa

15 12.63
30 13.43
60 14.77
90 15.14

*5 EITRIEE 920 CTAESHERBEMITEFERMXFEE
Table 5 Brazing interface width the at brazing temperature of

920 °C for different brazing time

Brazing time/min Brazing interface width/um

15 80
30 105
60 160
90 180
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Brazing Interface Microstructure and Mechanical Properties of Titanium Alloy
Lotus-like Core Sandwich Structure

Deng Yunhua, Wang Wensen, Tao Jun
(Aeronautical Key Laboratory for Welding and Joining Technologies, AVIC Manufacturing Technology Institute, Beijing 100024, China)

Abstract: TC4 titanium lotus-like core sandwich structure was brazed by TiZrCuNi brazing filler metal. Effect of brazing parameters on brazing
interface microstructure and mechanical properties of titanium lotus-like core sandwich structure was investigated. The results show that titanium
sandwich structure with excellent brazed quality is attained at the brazing temperature of 920 °C for holding 90 min. The microstructure of the
brazing interface consists of acicular o structure and Ti-Cu intermetallic compounds, and the average flat compressive strength of the sandwich
structure is 15.14 MPa. When the brazing holding time is short (15 min), the diffusion reaction time between Cu and Ni in the liquid solder and the
base metal is short, and the diffusion reaction of Cu and Ni into the base metal is not sufficient. The enrichment of Cu and Ni in the brazing
interface leads to the content of Cu and Ni exceeding the eutectic composition point, which makes eutectic reaction occur during the solidification
process of liquid solder joint after brazing, and thus massive intermetallic compounds are formed. The brazing interface is mainly composed of
solidified brazing filler metal containing massive intermetallic compounds and acicular «a structure. With the increase of brazing time, the diffusion
reaction time of Cu and Ni elements in liquid solder and base metal increases, and the diffusion reaction depth of Cu and Ni elements into base
metal increases significantly. As a result, the content of Cu and Ni in the liquid solder decreases significantly, and the element content is less than
the eutectic composition point. Cu and Ni are all dissolved in # phase during the solidification process of the liquid brazing seam. When the g
phase changes to a phase, the acicular o phase is formed by eutectoid reaction, and intermetallic compound is formed at the interface of acicular a
structure. When the brazing time increases from 15 min to 90 min, the flat compressive strength of TC4 titanium sandwich structure increases
gradually due to the decrease of intermetallic compounds in the brazing interface.

Key words: lotus-like core; vacuum brazing; brazing interface microstructure; mechanical properties

Corresponding author: Deng Yunhua, Ph. D., Senior Engineer, Aeronautical Key Laboratory for Welding and Joining Technologies, AVIC
Manufacturing Technology Institute, Beijing 100024, P. R. China, Tel: 0086-10-85701343, E-mail: yunhuadeng@buaa.edu.cn



