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Fig.2 Microstructures of the sapphire/TC4 alloy brazed joint with Ag-Cu-3Ti filler metal: (a) brazing seam, (b) sapphire side, (c) reaction layer of

filler metal, and (d) TC4 alloy side



. 476

WA B S TR

54 34

A A—Ag w—Ti
e—CuO &—TiO

* ¥ —Cu,0 A—TiAg
S o—CuTi  ©o—Ti,0
:: AN V—Cu,Ti #—Cu,Ti
ER L

LE & e

o, N

40 50 60 70 80 90
26/1(°)
3 Ag-Cu-3Ti5FRHEAL G 1 XRD Kl
Fig.3 XRD pattern of Ag-Cu-3Ti brazing metal after melting

B4 K321 NS F/Ag-Cu-3Ti/TCA & & 5T 15853k
FHi 414 SEM+EDS MRS . W T A SEFRIE B
B4R mi1EDS 7T R B = A4 ALO JE T b
2T 2:3, NI ALO M. £ 2 EDS 7 Hr R A N =
AT AR i 1 v A R Ti & TR B TiO - Ti,0
ALY, IR AN E B HE B T 48D &2 Ag JE R TiAg

Ao 453 EDS 2 1R B Cu. Ti £ 80516 & N JZ 4 A
B5), HIEFHBE 11 4y CuTiAH . A 4 )
T - ALOJ/TCA & 4 5T 57452 3k 51 7= 4 £ 28 Ti,0 #l
CuTi IR &4, 2T Cu 5 O M /75, 45 & Ag-Cu-3Ti 4F
RE SN A AR L, S BUE R 4 N E IR AFAE CuO-
Cu,0 % . £14.5.6 EDS 73 #1 B EF Rl s B2 & 24
8 Ag B [ A L Cu HE [ A A L 2 B Sh A AH 45 PR A
i TiO\CuO.Ti,0.Cu,0 . TiAg #H%5 . FFRH B JZE F 2
MR 5 T Kt 2 23RN (3 e B AR 2H SR A, #4056 EDS 43
TR BT A AR (5 R EIRER N Ag, FRAMFETE K (a2l
ZUCR16) ETILER N Cu, HEM 53 5l 9 Ag BE [ A& L Cu 2k
A . R B 20 F 2d TR, 3 TCA & 42K a4 41
FLRHIRE, , TR B IS S W T A AR L 2H 27 2
S H RSN EMRIER, RS B 5 5 A 1 TC4 &
SRS RAREETIA G, BEARE &SRR
I3 5N 33.611.7.6 W/(m-K)>2), 5 5 47 0N 5 0 R 80
MO AR PR, SRS EER KR, f7
EDS 73 Hr R B AT BLE BLHE AR 51 N BORL 45 70 S £ 42 )5
P SK YO 2 % B s A

20 um 20 um

20 pm i me| C 2

4 W FEA/Ag-Cu-3Ti/TC4 A TR HEL A4 2L SEM HE Syt & [ /3 A
Fig.4 SEM image (a) and element mappings (b) of interface structure of the sapphire/Ag-Cu-3Ti/TC4 alloy brazed joint

F1 B4 &S EDS TR
Table 1 EDS analysis results of site in Fig.4a (at%)

Site O Ag Al Cu Ti C
Point 1 65.29 - 34.41 - - -
Point 2 73.50 5.65 15.37 - 4.39 -
Point 3 31.36 0.67 5.70 26.84 34.24 -
Point 4 29.54 - 4.82 28.79 35.60 -
Point 5 26.47 64.91 - 6.01 - -
Point 6 19.29 1.49 - 43.97 33.81 -
Point 7 - 18.50 - - - 81.5
Plane 8 60.96 8.23 17.22 6.93 3.33 3.33
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at brazing interface
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Microstructure Evolution and Mechanical Properties of Sapphire/TC4 Alloy Joints
Brazed by Ag-Cu-3Ti Filler Metal

Liu Quanming', Xiao Junfeng', Tang Wenshu', Gao Song', Sun Huawei’, Qin Jian®>, Chen Yafang’, Zhai Chunhua’,
Huang Qing’, Niu Chenhui*
(1. Xi’an Thermal Power Research Institute Co. , Ltd, Xi’an 710054, China)
(2. Zhengzhou Research Institute of Mechanical Engineering Co. , Ltd, Zhengzhou 450001, China)
(3. Huaneng Nanjing Gas Turbine Power Plant Co. , Ltd, Nanjing 210034, China)
(4. Huanneng Jiangsu Energy Development Co. , Ltd, Nanjing 210015, China)

Abstract: Sapphire/metal welding connection faces the challenge of poor wetting of sapphire surface by brazing materials. The interface structure
of the sapphire/Ag-Cu-3Ti/TC4 alloy brazed joint, the effects of temperature and holding time on the shear properties, and the mechanism of
interface connection were studied. The results show that the sapphire side forms a dense metallurgical reaction layer. The microstructure of the
reaction layer is composed of Ag base solid solutions, Cu base solid solids and the crystal. TC4 alloy side forms a crispy layer and a crystal
infiltration area. With the increase in brazing temperature, the shear strength of the brazed joint reduces significantly. As the holding time is
prolonged, the shear strength of the brazed joint increases firstly and then decreases. The fracture surface of the brazed joint exhibits a mixed
fracture morphology of the sapphire brittle fracture and filler metal “adhesive type” fracture. The brazing connection relies solely on the
metallurgical bonding strength between a small portion of Ag-Cu-3Ti brazing metal and the sapphire. During the brazing process, Ti and Cu
diffuse towards the sapphire side and accumulate on the surface of Al,O,. Sufficient solid-liquid interaction occurs at the interface to form stable
intermetallic compounds, and the TC4 alloy side grains continuously grow towards the matrix, resulting in a significant increase in the shear
strength of the brazed joint.
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