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Abstract: Ceramic reinforced titanium matrix composites (CTMCs) possess high specific strength and stiffness, good wear
and high temperature oxidation resistances. The effective joining of CTMCs can contribute to their applications in the fields of
aerospace, machinery, electronics, medical apparatus, and instruments, eic. In this paper, the research progresses on
fusion welding, brazing and solid phase diffusion bonding of CTMCs are reviewed. The distribution characteristics of rein-
forcement in the fusion welding seam, the interfacial behavior of brazing filler/base material interface, the relationship be-
tween the void ratio at the diffusion-bonding interface and joints mechanical properties are emphatically concerned.
Moreover, the influences of processing parameters (such as fusion welding electrode moving speed, joining temperature and
holding time of brazing and diffusion bonding) on the interfacial behavior and joint mechanical properties are summarized by
combining with the respective joining processes. Finally, we consider that the related investigations on joining of CTMCs,
thermodynamics, and dynamics of formation of interfacial reaction layer, the relationship between interfacial microstructures
and joint performances ( strength and high temperature resistance) need to be strengthened.
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Table 1  Reinforcement reaction systems and volume fraction, preparation methods and tensile strength of some ceramic reinforced
titanium matrix composites

Composite Reaction system Reinforcement content/vol% Preparation method Tensile strength/MPa  Ref.
(TiB+TiC) /Ti Ti-B,C-C TiC:5, TiB: 5 Reaction hot pressing 1189 [19]
(TiB+TiC) /Ti Ti-B,C TiC : 2.81, TiB : 10.93 Spark plasma sintering 1146 [20]
(TiB+TiC) /Ti Ti-B,C TiC : 2.76, TiB : 10.8 Spark plasma sintering 1147 [21]
(TiB+TiC) /Ti6Al4V Ti-B,C TiC : 1.89, TiB : 7.59 Spark plasma sintering 1232 [22]
TiB/Ti6Al4V Ti-TiB, TiB : 5 Reaction hot pressing 1057 [23]
TiB/Ti6 Al4V Ti-TiB, TiB : 8.5 Reaction hot pressing 1288 [23]
TiC/Ti6Al4V Ti-C TiC : 15 Powder metallurgy 1010 [24]
TiC/Ti6Al4V Ti-C TiC : 10 Powder metallurgy 1017 [24]
SiC/Ti6Al4V SiC SiC - 30 Reaction hot pressing 1361 [18]
(TiB+La, 05 ) /Ti834 Ti-LaBg TiB : 1.26, La,0; : 0.58 Casting and hot-forging 1240 [25]
(TiB+La, 0, ) /Ti834 Ti-LaB, TiB : 2, La,0, : 0.63 Casting and hot-forging 1193 [26]
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Fig. 1  Microstructure of ( TiB+TiC+Nd,05)/Ti composite 2!’
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Fig. 2 Schematic illustration of GTAW process
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Table 2 Influence of welding parameters on welding seam sizes

of (TiB, +La,0;)/Ti composite! >

Welding current Welding speed Welding width Welding penetration

/A /(em - min™!) /mm /mm
60 15 2.97 1.66
60 27 1.90 1.09
80 27 3.42 1.45
90 27 3.51 1.67
110 35 3.60 1.85
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Fig. 3 Metallographs of (TiB,+La,05)/Ti composite joint obtained by GTAW: (a) base material (BM), (b) joint cross section,

(c¢) fusion zone (FZ)/ heat affect zone (HAZ) 1 interface, (d) HAZ 1/HAZ 2 interface *!
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Table 3 Influence of welding parameters on tensile strength and

fracture of two CTMCs joints 2 #- 43

Welding Welding Tensile

Fail
Base material  current speed strength e
n
/A /(cm - min™')  /MPa zone
0 0 1057 —
) 90 15 1005 HAZ
(TiB, )
90 12 1017 HAZ
/Ti6Al4V
100 21 1022 HAZ
110 21 1037 BM
0 0 1240 —
. 80 27 1050 BM
(TiB+La,05)
90 27 1141 BM
/'Ti834
110 35 1133 BM
110 30 1150 BM

Note ; The w denotes whisker.
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Table 4 Thermal expansion coefficients and Young’s modulus val-
ues of partial Ti base materials, ceramic reinforcements

and brazing alloy!%-%)

Thermal expansion coefficient  Young’s modulus
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Fig. 4 Schematic illustration of interfacial behavior of CTMCs/A-B + TiB,/C-C joint; (a) atomic diffusion, (b)

formation and solidification of thereaction phases
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Fig. 5 Shear strength of TiB  /Ti6Al4V and C-C joints with two solders
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Fig. 6 Shear strength of TiB,/Ti6Al4V/Cu-Ni+TiB,/C-C joint at dif-

ferent holding time 32!
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