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Table 1 Raw materials and process parameters for cold spraying of titanium matrix composite coatings

Feedstock material Substrate Preparation method/pre-treatment Main parameter Ref.
IP-Ti: 5-50 pm Mechanical blending
316L 3 MPa/900 °C, N 38
IP-BAG: 5-50 um S8 N/A o/ CN, [38]
SP-Ti: average 29 um . Mechanical blending
Mild steel 4 MPa/800 °C, N 49
SP-TiC: average 40 um rastee Grit blast a T2 [49]
SP/IP-Ti6Al4V: average 38 um . Dual feeding system
Mild steel 4 MPa/800 °C, N 50
SP-TiC: average 40 um i stee Grit blast a T2 [50]
IP-T%: average 19.6 pum Al Mecham.cal blending 3.1 MPa/590 °C, Ar [41]
IP-SiC: average 67 um Grit blast
IP-Ti: average 15.6 um VT20 Mechanl.cal blending 4 MPa/400 °C, Air [46]
IP-Cr,C,: average 27.9 um Grit blast
SP-Ti: 15-30 um . Mechanical blending
T 1.2 MPa/500 °C, N/A 51
IP-AL Cr, Fe,,: 10-20 um ' Grit blast . ’ [51]
SP-Ti6AI4V: 1545 pum . Dual feeding system
Ti6Al4V 4.5 MPa/1000 °C, N 44
SP-CoCr: 20-63 pum ! Ground a T2 [44]
IP-Ti: average 33 um . Mechanical blending
Ti6Al4V 3 MPa/600 °C, N 52
IP-WC: average 42 um ! Grit blast T2 [52]
IP-Ti: 10-45 pm Ball-milling
AISI 304SS 4.5 MPa/550 °C, N 53
IP-WC: submicron Grit blast T [53]
SP/IP-Ti, SP-TiO, Mechanical blending
SS316L 4 MPa/700 °C, N 54
TYTiO,: average 40 pm N/A 2 [54]
SP-Ti6Al4V: 30-50 pm Mechanical blending
A283GRC 3.5 MPa/700 °C, N 55
IP-WC-17Co: 40-75 pm Grit blast & P [55]
SP-Ti: 0-25 um . Ball-milling
Ti6Al4V 5 MPa/800 °C, N 56
IP-Diamond: 0-5 um ! Ground a T2 [56]
SP-Ti: average 24.2 pm Mechanical blending
1045 steel 4 MPa/800 °C, N 57
SP-Ti6Al4V: average 35.1 pm siee Grit blast a T2 571
IP-T1.: average 35.4 pm Al Mecham.cal blending 3 MPa/500 °C, Air [58]
SP-Ni: average 36.3 pm Grit blast
SP-Ni: average 24.5 pm . Mechanical blending
T 3.4 MPa/500 °C, N 59
SP-Ti: average 30.7 um ! Grit blast & T2 [59]
P-Ti6Al4V: 2 Mechanical blendi
SP-Ti6. average 27 pm Ti6AI4V ec am.ca blending 3 MPa/500 °C, N, [60]
SP-Al: average 32 um Grit blast
IP-Ti: average 26.7 pm Ti6AI4V Mechanical blending 5 MPa/900 °C, N, [61]
IP-Ta: average 27.2 pm N/A
IP-Ti: average 32 um Ti Mecham.cal blending 4 MPa/800 °C, N, [62]
IP-Ta: average 20 pm Grit blast

Note: IP-irregular particle; SP-spherical particle; N/A-not applicable
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Table 2 Tribological properties of partially cold sprayed titanium matrix composite coatings
Material Experimental method Experimental condition Wear rate/mm’-(N-m)’  Ref.
) ) ) Load: 2 N; Sliding speed: 1 mm/s; 5
Ti/BAG Pin-on-disc ) (9.00-140.00)x10 [38]
Distance: 3.6 m; Counterpart: AL,O,
o Load: 0.5 N; Sliding speed: 3 mm/s; 5
Ti/TiC Ball-on-flat ) (7.14-97.43)x10° [49]
Distance:10 m; Counterpart: AL,O,
. . . . . Load: 0.5, 2.5 N; Sliding speed: 3 mm/s; 5
Ti6Al4V/TiC Reciprocating sliding wear test . (5.00-159.12)x10° [93]
Distance: 10 m; Counterpart: WC-Co
) . Load: 1, 2 N; Sliding speed: 20 mm/s; N
Ti/AlLCr, Fe,, Ball-on-disc . (14.60-158.40)x10° [51]
Distance:166.3 m; Counterpart: 100Cr6
) ) Load: 2 N; Sliding speed: 40 mm/s; .
Ti6Al4V/CoCr Ball-on-disc ) (0.05-9.30)x10" [44]
Distance: 189.7 m; Counterpart: 100Cr6
i Load: 20 N; Sliding speed: 40 mm/s; .
Ti/WC Ball-on-flat . . (2.96-40.60)x10° [52]
Distance: 72 m; Counterpart: Si;N,
o ) . Load: 2 N; Sliding speed: 10 mm/s; 5
Ti/TiO, Pin-on-disc ) (7.51-29.83)x10° [54]
Distance: 3.6 m; Counterpart: Al,O,
. ) Load: 20 N; Sliding speed: 105 mm/s; ;
Ti6Al4V/WC-17Co Ball-on-disc . (7.94-783.01)x10° [55]
Distance: 378 m; Counterpart: GCrl15
e . . o Load: 10 N; Sliding speed: 2.8 m/min; .
Ti/Diamond Reciprocating sliding wear test . (4.58-7.85)x10" [56]
Distance: 56 m; Counterpart: GCr15
o ) Load: 1 N; Sliding speed: 1.26 m/s; .
Ti/Diamond Ball-on-disk (5.30-10.30)x10 [91]

Distance: 942.47 m; Counterpart: SUJ2
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Fig.15 Surface Vickers hardness of Ti/TiC" (a) and Ti6Al4V/TiC" (b) coatings after wear experiment
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by Cold Spraying: A Review

Xu Yaxin, Zou Han, Huang Chunjie, Li Wenya
(Shaanxi Key Laboratory of Friction Welding Technologies, State Key Laboratory of Solidification Processing,
Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Cold spraying has great advantages in preparation of oxidization-sensitive metallic coatings because of the lower heat input and almost
no oxidation resulting from its low temperature process. Combined with the convenience of cold spraying in manufacturing particle reinforced
composite coatings, titanium matrix composite coatings prepared by cold spraying can compensate for the shortcomings of poor wear resistance of
pure titanium or titanium alloys. In addition, one can also get the functional coatings besides the structural coatings. According to the existing
research reports, the deposition behaviors and mechanisms of cold-sprayed titanium matrix composite coatings were summarized. By analyzing
the porosity and deposition efficiency, the effect of reinforcement on the microstructure of the cold-sprayed titanium matrix composite coatings
was explained. The mechanism of reinforcement on mechanical and wear performance of titanium matrix composite coatings were revealed.
Finally, the future application of cold-sprayed titanium matrix composite coatings is prospected, and several promising directions are listed.
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