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Table 1 Physical properties of titanium and its alloys and ZrO,
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Property Ti Ti6Al4V ZrO,
Density/g-cm™ 4.5 4.42 6.05
Hardness/GPa 5.2 300 HV~400 HV 13.75
Fusing point/°C 1668 1670 2700
Thermal expansion coefficient/x10-°C"! 9.41-10.03 8.6-11.9 10-12
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Fig.1 Micrograph (a) and schematic diagram (b) of Ti6Al4V/
Cud0Ag5Ti/ZrO, "
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Fig.2 Micrograph (a) and EPMA analyses (b—d) of ZrO,/Ag27Cu3Ti/ZrO, system brazed at 900 °C for 10 min"": (a) interfacial microstructure,

(b) titanium mapping, (c) copper mapping, and (d) silver mapping
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Fig.3 Micromorphologies of brazed joint with the process parameter of 870 °C/30 min®™: (a) weld seam; (b) titanium alloy side interface;

(c) fracture interface; (d) fracture morphology
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Fig.4 Microstructures of the joint held for 10 min at different brazing temperatures™: (a) 860 °C, (b) 880 °C, (c) 900 °C, (d) 920 °C, (e) 940 °C,

and (f) high magnification of reaction layer adjacent to ZrO, in Fig.4e
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Fig.5 Interfacial microstructure (a) and elements distribution (b—f) of ZrO,/TC4 joint brazed at 850 °C for 10 min by Ag-Cu+WC composite
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* 1100 -

W] B RS TR

554 3%

W, 20T R I, B AN Ti K AR IR LS5 22 A2 % TiB dm 2, St
T ey 20062 B 1Y s FE Sk VERE AR 2y 14k &R )
PERIRRRE o VRIS 4 70 3R R AR R AT DUk B A1
Sk RE B RO, AR T oK B D) 5 BE SR 100 MPa. 45
T BT R B S RSk e R 5 R TR AT G
3.12 dRanbat b

e A EFRER H AR S S & S a, B MR KR
To 7 R 7 455, T $ v BT AR R v R - i ek
28 DA R IR NS FE RV S 5 4 e AN e 4 ) TS B A L 1)
TR A, Xof BAR AR AT IR B2 /N 42 Sk R s AR g e 3\
FEH . Bk, fEEEE B/ EN R AR S &R
A IS PEETRE, BRAK 78T L 2IHE R, AT AE AR B2
R R SR B TR RS B I R AR AT AR A ET
L, B & B T Rk e B 2SR AS DA R <6 T N 35 35 1
P, LA 1 W 25 T B AR B B DA
SR R ARPOVSEAR S (AR RE AN 2R e . I BLAE AR ET
BHE — 58 T FE X 18] 9 R AR dib AL, 9F © 32 B T M /M
B W& B UK e R e R IER . B aE R UL, AR A
BHE T 82 5 MR LG T 28 T U 19 A0 B 5 L 7E 4
JiE, B o) 5 2 T VR D 1 B A EL IR S MR L L B3 38 B ST
U Sk L v HAS Gy b S48 Ao

Decristofaro %5 NP27E 20 tH 40 70 FFAXEE — IR AT T

. ©)

O B 3 =

) : = e
N S

£ R =

S )

1%) 1)

= q =

& sl =

B X {oo]* A

D 1ffuSionsZone)

Diffusiontzone)

e A SR A AE SCIRIE . 7E 1979 4, Dsliva®™
R T SIS RAE TR, i — B T 1%k
FRRI R R Y, 124 ik, i b O R R &
AATR A NI ALEE  Cu 2 % Ti AR SR,
Horpw HREH &S Ti I Ti & & BIEF R Y Ni AT T
B AR N B ARR s R ERE, Sz AT
W% & ) LA K il A & S M R AT R R . Cao 55
FEET IR T 224 1025 °C/10 min ] Ni-Cr-Si-B 3k i A 4T K
B ZrO, M TIOAI4V, I HEEGIBTYISRAEAS] | 284.6 MPa,
ANRVEF AR B R4 Sk S e 1 T3 U 18] 6 s

WU R I TiAE iE T3, 75 Cu NI SIS, 18
T A P T 2 % R I T SR TR, BT SR B
Ti & Ti & & B ESARI, Lin25% ] Tiy,Zr,,Cug, %
ZrO, M TI6AI4V AT, BB S W 7 Fir

RIAEA AR T 2 AR )Z, W B 50
Zr0,/Cu,Ti,0 (Ti, Zr),Cw/TiO+ Ti,0/CuTi,. (Ti, Zr),Cu/
CuTiy/Ti6AI4V . LA TR AR T 200 e S M RE 52 R I
T2 900 C/10 min, H ¥4 Z13E 5 4 5 °C/min i 322 3k 50
[ 3] 162 MPa, Wi 447 B K A= 78 ZrO, M 1) ife 14 AH &
P

Liu 28 \PYFEAR FEF IR T2 T & Ti6A14V 42 & Al
ZrB,-SiC M & , R I B 2 JE S BT B} TiCuZrNie R I 2%

6 AN [RL IR A 1R (0T 43 S R RO 0t g AT 11 7235

Fig.6 Microstructure (a,—a,) and macro (b,~b,) and micro (b,~b,) fracture morphology of brazed joints under different heating time
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Fig.7 Microstructures of brazed joints for different heating time®”": (a) 5 min, (b) 10 min, (c) 20 min, and (d) 30 min
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Fig.8 Schematic of formation of each reaction layer during the brazing process (a—c) and interaction between filler and base metal (d—i)"*:

(d) filler beginning to melt; (e) molten brazing alloy wetting the surface of base metal; (f) formation of Ti,Si, and TiC; (g) formation of TiB

and TiB,; (h) formation of Ti,Cu and TiCu; (i) formation of (Ti, Zr),(Cu, Ni) and f-Ti during the cooling process
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Fig.9 Wettability (a), joint morphologies (b,—b,) and mechanism diagram (c,—c,) of BBA sealing glass on ZrO, ceramic surface

15: (a) relationship

between wetting angle and temperature; (b) joint morphology at different bonding temperatures; (c) mechanism diagram of microstructure
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Fig.10 TEM analyses of ZrO,/sealing glass/Ti6Al4V interfaces at 460 °C': (a) ZrO,/sealing glass/Ti6Al4V; (b) sealing glass/Ti6A4V;

(c) sealing glass/Ti6Al4V bonding interface

B 11 E37E 750 C I A74T 44 30 min I AAROW 5 JR 1#) FE-SEM 2 AWHE F

Fig. 11 FE-SEM micrographs of micro-indentations across joints brazed at 750 °C for 30 min without pressure®'’: (a,—a,) microstructure of

Bi,Ti,0,, precipitates and (b —b,) microstructure of Mg(SiO,) precipitates
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Fig.12 SEM images of metallized layers with different Mo
contents®!: (a) 50wt%; (b) 70wt%; (c) 85wt%
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Fig.13 Morphology (a) and element distribution mappings (b—f) of Ti-deposited SiC/AgCu/Ti-deposited SiC joint*”!
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Fig.14 Surface XRD patterns of ceramics after different laser processing'®”: (a) group 1 and (b) group 2
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ik 16 frox. RICHIREMT 750 CHERK T & &
N4 pum BUE AR, 248 AR T2 750 C e S Ab
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950 CJ& » & & 3R 1 AL E 15 g ba , I HAFAE K
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Table 2 Laser process parameters'®’

Treatment Laser power/W Scanning velocity/mm-s
Group 1 12 50, 100, 200, 350, 500
Group 2 4,8,12, 16,20 100

o o

Triangle grooves

C/C composite

Sun % N\ K ] 35Bi,0,-50B,0,-15Zn0 3 12 3% 5
42 Ti6A14V F ZrO, 7 , X Ti6Al4V & 42 7E 700 'C R it
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BV SE G B Y R L M R B R T iR
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BRI AE FR M, RE 08 S BB B Sk N T A, AN AT
A R AL, I BRI R R R B T

Rene NS

C/C composite

K15 Fimmin Lo s sl Kk

Fig.15 Interface processing diagram (a—b) and joint morphology (c—d)™: (a) interface laser groove; (b) joint assembly; (c) joint with groove;

(d) joint without groove

Outer layer Tnner layer

16 Ti& &N FNRE T8N 2 WA Z S
Fig.16 Morphologies of the oxide layer of Ti alloy oxidized at different temperatures for 2 h": (a) 450 °C; (b) 750 °C; (c) 950 °C
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Fig.17 Microstructures (a~b) and EDS mappings (c-h) of the joint brazed at 660 °C for 20 min!"”!
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Fig.18 Morphologies of ZrC/Ni/ZrC joints at different temperatures””: (a—b) 1100 °C and (c—d) 1200 °C
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Fig.19 Macro-morphologies of fracture surface with dimple (a),
groove (b) and grid (c) !
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Research Status and Prospect of Brazing of Ti and Ti Alloys with ZrO, Ceramics

Ji Fei, Li Yuanxing, Dong Wenxin, Chen Hui
(Key Laboratory of Advanced Technologies of Materials, Ministry of Education, School of Materials Science and Engineering,

Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Ti and Ti alloys and ZrO, ceramics are extensively used in high-precision fields due to their excellent characteristics, playing an
increasingly important role in modern industry. The reliable connection of Ti and Ti alloys with ZrO, ceramics is crucial to complete the
complementary properties of dissimilar materials and expand their range of applications. However, there are some problems to be solved in the
welding process of dissimilar materials, which are mainly to improve the wettability of filler metal on the surface of base metal and to alleviate the
interface stress. This paper focuses on the analysis of the connection difficulties of the two materials, reviews the research progress of brazing of
related ceramics and metals, expounds the influence of different pretreatment methods on the joint performance, and finally puts forward the
prospect of dissimilar material connection.
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