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Abstract: Discontinuously reinforced titanium matrix composites (DRTMCs) exhibit outstanding
properties including light weight, heat resistance, high strength, corrosion resistance, and deformability,
holding immense promise for applications in aerospace, marine engineering, and biomedical fields, ezc. This
work systematically reviews the fabrication, processing, and typical properties and applications of
DRTMCs. In terms of fabrication, the advantages and limitations of melting casting, powder metallurgy,

and additive manufacturing in densification, reinforcement management, and forming scale are analyzed,
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and reinforcement architecture design with its strength-ductility synergy mechanisms is elaborated. In terms
of processing, the influence of reinforcement alignment and matrix recrystallization during hot working on
mechanical properties is discussed, along with constraints in cold deformation such as reinforcement
fracture and shear band formation. Challenges in welding and machining arising from reinforcement
introduction are identified, and advances in joint strengthening strategies and energy-field-assisted
machining are reviewed. Regarding applications, typical properties of DRTMCs are summarized, and
industrial cases, including hot-formed large-scale components, cold-formed precision sheets and wires,
and near-net-shape powder metallurgy parts, are presented. Finally, key future research directions are
proposed, encompassing multi-scale biomimetic architecture design, iterative upgrading of in-situ synthesis
processes, deep development of additive manufacturing, synergistic control of cold/hot deformation and
heat treatment, innovation in joining and machining technologies, and advancement toward industrial-scale
application.
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industrial application
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a-melting casting ; b-reactive hot pressing; c-hot isostatic pressing ;d-spark plasma sintering ; e-mechanical alloying;

f-self-propagating high temperature synthesis; g-spray deposition;h-additive manufacturing
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Fig.1 Fabrication of discontinuously reinforced titanium matrix composites
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Fig.2 Design, fabrication, microstructure and properties of two-scale network structured DRTMCs

(a)schematic illustrations of the formation mechanism of two-scale network distribution *!; (b) , (¢)SEM micrographs of (2% TiB,,+4%Ti;Si,)/

o EL i 2 AR FR AR, fH B pp iz AR I TR Gk 6~8 h, .
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Ti6AI4VE; (d)room-temperature tensile properties for Ti6AI4V alloy and four different types of Ti6Al4V matrix composites ' ;

(e)high-temperature tensile properties for Ti6AI4V alloy and (4% Ti;Si,+3.4% TiB,,)/Ti6 Al4V;
(f)mass gain-time curves of Ti6AI4V alloy and four different types of Ti6Al4V matrix composites after oxidizing at 800 “Ct"]
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Fig.3 Hot compression behavior of DRTMCs based on thermal physical simulation

(a)macroscopic morphology of TiB,/near o-Ti composites after hot compression'®’; (b)processing map of TiB,,/near a-Ti with

solid-solution treatment at € = 0.6/%4!;hot compression stress-strain curves of TiB,,/Ti60 at 900 C(¢) and 950 °C(d)te7]
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Fig.4 Shear band formation and property evolution in 2% TiC/near 3-Ti during cold rolling

(a)schematic illustration of the microstructure evolution during rolling deformation process™'; (b) , (¢)microstructure of 2% TiC/near

B-Ti after cold rolling with 60% deformation at room temperature!™; (d)tensile properties of 2% TiC/near B-Ti after cold rolling

with different deformations'™’; (e )mechanism of shear band formation during cold rolling for 2% TiC/near B-Ti
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Table 1 Main welding methods of DRTMCs, their advantages, disadvantages and application scope

Welding Joint strength ) o
- Advantage Disadvantage Application scope
technology  coefficient
Arc 0.6-0.75 Low cost, high efficiency and simple operation;suitable Prone to interfacial reactions; wide weld Most non-ferrous
welding welding wire can be selected to suppress interfacial seam and large welding heat-affected metals
reactions zone ; high sensitivity to porosity
Laser beam 0.8-0.85 Strong penetration capability and high welding speed; High equipment cost; difficult to avoid Plates, bars and
welding small joint deformation and heat-affected zone; low interfacial reactions complex workpieces
porosity tendency ; precise control of process parameters with high precision
Electron 0.8-0.85 Strong penetration capability and high welding speed; High welding cost; complex welding Plates, bars and
beam small joint deformation and heat-affected zone; low process with numerous controllable complex workpieces
welding porosity tendency ; vacuum environment parameters with high precision
Brazing 0.5-0.6 Low heating temperature minimizes interfacial Low welding efficiency; poor mechanical Plates and billet
reactions ; smooth and flat joint surface properties cladding
Diffusion 0.9-0.95 No interfacial reactions; interlayer can be utilized to Low production efficiency and high Billet cladding and
welding optimize joint performance cost;difficult process design with small-sized simple
multiple parameters to select components
Friction 0.9-1.0 No interfacial reactions; high joint strength; high Complex equipment with severe tool Small-sized simple
welding efficiency and low energy consumption wear and high cost components
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Fig.5 Structure and microstructure of electron beam welded joints

[80]

(a)overall joint structure; (b)base metal; (¢)base metal/heat-affected zone ; (d)heat-affected zone; (e )heat-affected zone/weld zone; ([)weld zone
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Table 2 List of recent studies of DRTMCs and their room temperature mechanical properties

Property
Matrix Reinforcement Processing route RD/% Hardness YS/ UTS/ 5% Reference
MPa MPa

TC4 10% (mass fraction) microscale TiC, Gas-solid reaction+HIP  98.0 40HRC 1080 1120 2.0 [22]

Ti 15% microscale TiC, Gas-solid reaction+CIP ~ 98.3 628 715 12.1 [23]

Ti Microscale TiC, and TiB,, MC+HF 1244 1330 2.7 [25]

Ti-7.8Cr Microscale TiC, MC 38HRC 862 5.0 [29]

Ti-7.8Cr-1.0Nb Microscale TiC, MC 47HRC 1353 44

Ti-B20 0.88% microscale TiB,,, MC+HF-+HT 465HV 1500 1625 7.0 [30]
1.32% microscale TiCp

TA15-Si 3.5% microscale TiB,, RHP 976 1111 4.9 [14]

TA15-Si 3.5% microscale TiB,, RHP-+HR 1097 1248 10.5

TA15 3.5% microscale TiB,, RHP-+HF 1100 9.2 [16]

TC4 3.5% microscale TiB,,, RHP 1004 1160 4.0 [33]
4% submicro-scale Ti;Si; needles

TC4 1% microscale TiB,,, RHP 990 1150 6.4 [34]
4% submicro-scale TizSi; needles

Ti55 3% microscale TiB,,, RHP 1070 1158 5.1 [38]
2% submicro-scale (TiZr);Si, particles

TA15 3.5% microscale TiB,, RHP 99.0 976 1111 4.9 [69]

TA15 3.5% microscale TiB,, RHP+HR 99.7 1097 1248 10.5 [69]

Ti60 3.4% microscale TiB, RHP+HE 1258 1377 5.0 [70]

Ti60 3.4% microscale TiB,, RHP+HT-+HE 1294 1364 5.5 [71]

TC4 5% microscale TiB,, RHP+HE 1230 6.5 [72]

TC4 5% microscale TiB,, RHP-+HE-+HT 430HV 1310 1365 7.9 [74]

Ti-6.5A1-2.5Zr-1Mo-1V-0.3Si Microscale TiB,, RHP-+HC 1015 1065 11.3 [64]

Ti-6.5A1-2.5Zr-1Mo-1V-0.3Si Microscale TiB,, RHP+HT-+HC 1100 1136 7.7

TA15 3.5% microscale TiB,, RHP-+HC 381HV 1803  12.7 [65]

TAl5 3.5% microscale TiB,,, RHP+HR 99.4 1015 1103 8.3 [80]
2% submicro-scale (‘TiZr);Si; particles

TA15 3.5% microscale TiB,,, RHP-+HR-+EBW 1191 4.8 [80]
2% submicro-scale (TiZr);Si, particles

TA15 3.5% microscale TiB,,, RHP+HR+LBW 1210 5.2 [80]
2% submicro-scale (‘TiZr);Si; particles

Ti Laminated Ti-TiB,/Ti RHP+DW 541 630 19.0 [82]

TC4 5% microscale TiB,, HIP 1063 10.1 [41]

TC4 8.3% microscale TiB,, HIP 1284 6.7 [41]

TA15 5% nano-scale TiB,, HIP 100.0 894 1004 13.3 [43]

TA15-Si 3.5% micro-nano dual-scale TiB,, HIP 99.9 1036 1161 6.6 [44]

TA15-Si 5.0% micro-nano dual-scale TiB,, HIP 99.9 1059 1193 2.4

Ti 10.8% microscale TiB,,, SPS+HE 916 1138 2.6 [15]
2.8% microscale TiC,

TC4 1% nano-scale TiN particles SPS 99.7 430HV [48]

TC4 Microscale TiC,,nano-scale Ti,Cu particles SPS 1059 1125 5.3 [49]

TC4 1.7% nano-scale TiB,, LPBF 1361 4.0 [54]

TC4 32 laminated TC4-(TiB+TiC)/TC4 LMD 386HV 1021 1143 5.2 [6]

TC4 141 laminated TC4-(TiB+TiC)/TC4 LMD 939 1.2

TC4 2% microscale TiB,, WAAM 382HV 1041 1623  29.3 [56]

TC4 5% microscale TiB,, WAAM 404HV 1224 1534  20.3

TC4 10% microscale TiB,, WAAM 434HV 1456 1702 19.7

Note: CIP = cool isostatic pressing, HR = hot rolling, HF = hot forging, HE = hot extrusion, HC = hot compression, HT = heat treatment,
EBW = electron beam welding, LBW = laser beam welding, DW = diffusion welding, RD = relative density, YS = yield strength, UTS = ulti-

mate tensile strength, & = elongation
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Table 3 List of recent studies of DRTMCs and their high temperature mechanical properties
Matrix Reinforcement Processing route Temperature/’C~ UTS/MPa  6/% Reference
TC4 10% (mass fraction) microscale TiC, Gas-solid reaction+HIP 350 750 4.5 [22]
500 700 6.0
650 400 8.1
TC4 15% (mass fraction) microscale TiC, Gas-solid reaction+HIP 350 810 1.5
500 720 2.8
650 420 6.5
Ti Microscale TiC, and TiB,, MC-+HF 600 827.7 13.9 [25]
650 718.5 24.3
700 550.1 41.9
TA15-Si 3.5% microscale TiB,, RHP 600 612 [14]
650 535
700 488
TA15-Si 3.5% microscale TiB,, RHP+HR 600 843
650 729
700 595
TA15 3.5% microscale TiB,, RHP 600 580 9.7 [16]
650 493 24.0
700 410 11.3
TA15 3.5% microscale TiB,, RHP-+HF 600 612 37.0
650 437 43.0
700 313 60.0
TC4 RHP 550 440 12.4 [34]
4% submicro-scale Ti;Si; needles 636 9.7
1% microscale TiB,,, 684 18.0
4% submicro-scale Ti-Si; needles
3.4% microscale TiB,,, 770 11.5
4% submicro-scale Ti;Si; needles
TC4 3.4% microscale TiB,,, RHP 550 770 11.0  [36]
4% submicro-scale Ti-Si, needles 600 610 15.0
650 510 14.5
Ti55 3% microscale TiB,,, RHP 300 820 13.0 [39]
2% submicro-scale (TiZr);Si, particles 500 760 12.0
600 680 15.8
650 610 15.0
700 519 20.0
TAI15 2% microscale TiB,, RHP-+HR 600 767 246 [69]
3.5% microscale TiB,, 811 18.5
5% microscale TiB,, 820 20.8
TA15 2% microscale TiB,, RHP-+HR 650 698 42.1
3.5% microscale TiB,, 678 37.2
5% microscale TiB,, 682 25.8
Ti60 RHP+HE 600 759 16.6 [70]
3.4% microscale TiB,, 925 15.0
Ti60 3.4% microscale TiB,, RHP+HT+HE 600 919 14.0 [71]
700 710 21.0
800 380 29.0
Ti60 3.4% microscale TiB,, RHP+HE+HT 700 760 15.0 [73]
750 540 19.0
800 400 17.0
TA15 3.5% microscale TiB,,, RHP+HR+EBW 600 705 10.4 [80]
2% submicro-scale (TiZr);Si, particles 700 455 16.6
TA15 3.5% microscale TiB,,, RHP+HR+LBW 600 708 13.5
2% submicro-scale (TiZr);Sis particles 700 454 25.9
TC4 5% microscale TiB,, HIP 500 582 17.6 [41]
600 397 22.7
700 209 26.2
TC4 8.3% microscale TiB,, HIP 500 656 12.2
600 456 17.1
700 241 23.4
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Fig.6  Applications of DRTMC:s in various fields

(a)large-size hot formed structures; (b)cold-formed productions; (¢)precision machine-formed components; (d)HIP near-net shape component
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