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Research Progress of Cold Sprayed Ti and Ti Alloy Coatings
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(1. Sate Key Laboratory for Mechanical Behavior of Materials, Xi’ an Jiaotong University, Xi’ an 710049, China; 2. School of
Mechanical Engineering, Qinghai University, Xining 810016, China)

Abstract ; The low temperature characteristic of the cold spray process determines its suitability for the preparation of oxidation-
sensitive Ti and Ti alloy coatings. Due to the poor deformability of Ti metal, it is difficult to obtain high quality cold spray coat-
ings. At present, domestic and foreign scholars have carried out lots of research work on cold-sprayed Ti and Ti alloy coatings.
Based on a large number of literatures, this paper classified and summarized the microstructure control methods of cold spray Ti-
based coatings. The control methods of cold spray titanium coatings mainly focus on four aspects of spraying parameters: Powder
state, substrate state, powder condition and nozzle. Some emerging techniques such as in-situ shot peening and warm spraying
have also proved to be an effective auxiliary for enhancing particle deformation. In the future, the research on cold-sprayed Ti
and Ti alloy coatings should focus on the cold-spraying process itself and integration with other processing technologies.
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Table 1 Experimental condition and results for spherical and augular powders'?
Spherical morphology Angular morphology
Test T/°C P/MPa Micro- Micro-
-s”") DE/ P ity/ sy DE/% P ity/
V/(m-s™) %  Porosity/ % hardness/ 1V V/(m-s™) %  Porosity/ % hardness/HV
300 3 608+0.9 47 20.6+£1.2  190.4+6.9 652+1.5 77 20+1.5 192+4. 8
2 500 3 648+1.2 97 11.7x1 188.8+£3.2  725+1.7 100 14.3+0.9 213.6x11.7
7.8x1.1 186. 8+9 16. 1+£0. 8 222.7+3. 1
(Top) (Top) (Top) (Top)
3 600 3 688+1.2 100 762+1.9 100
* 5¢0.5 202746 * 8.950.9  241.5%5.6
(Bottom) ( Bottom) ( Bottom) ( Bottom)
5.9+1.5 205.6+2.9 10. 1+1.3 222.7+1.8
(Top) (Top) (Top) (Top)
4 41+1.2 1 +1. 1
750 3o e 00 73417 207125 SOOELY 10004 243.125.8
(Bottom) ( Bottom) ( Bottom) (Bottom)
2.5+£0.3 177+£10.2 6.6+0.6 238.8+5. 1
(Top) (Top) (Top) (Top)
5 750 4 785+1.2 100 844+1.8 100
* 1.6:0.5  206.3+5.6 * 2.9:0.3  242.8+7.5
( Bottom) (Bottom) (Bottom) ( Bottom)
1.9£0.6  205.2+11.9 3.7+0.5 216.5+3
(Top) (Top) (Top) (Top)
6 800 4 805+1.3 100 859+1.7 100
* 2.40.3  218.327.3 * 2.80.4 242,845
( Bottom) ( Bottom) ( Bottom) ( Bottom)
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Fig. 2  Surface morphologies of a single Ti particle on the Cu substrate at different spray angles observed by SEM( No particles
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Fig.3 Cross-sectional OM micrographs of the Ti coating deposited on the Cu substrate at different spray-angles™"’
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Fig. 4 Porosity as a function of stand-off for 22 wm Ti pow-

der deposited at 600 °C and 2.4 MPa pressure with nitrogen

as deposition gas'*'!
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Table 2 Bonding strength of Ti and Ti alloy coating"*

]

. . . Substrate and Bonding
Preparation conditions Equipment . Reference
preprocessing strength/MPa
N,, 350 - 650 C, air, 500 °C, W
? i :11.1“ Xi’ an Jiaotong University ~ Mild steel, sand blasting 8-16 angm]
1.5-2 MPa, irregular Ti powder et al. -
Air, 520 °C, 2.5 MPa, irregular Ti . . 15+4 (Ti) (s1
’ ’ ’ CGT/LERMPS Mild steel, sand blast i etal "
powder, Spherical Ti6AI4V powder ild steel, sand blasting 5 " ioapayy M oetal
N,, 600 °C, 2.5 MPa (Preheat”/no- 50°
preheath) ; He, 600 C, 1.5 MPa®,  CGT 3000 Mild steel, sand blasting 65" Bae et al.
spherical Ti powder >85°
i ; - oy 23
Room temperature, He, irregular Ti L. . Ti6Al4V,  polishing”, Marrocoo
University of Nottingham Ly 22 52
powder ground®, sand blasting - et al. ”
: He, i lar Ti Ti6Al4V, as-receivedg, 37 .
Room temperature, He, irregular Ti University of Nottingham 1 .ash receivedg 37; Price et al. %
powder sand blasting 32"
N,, 800 °C, 4 MPa, spherical Ti Steél 716 Hussain
CGT 4000 Stainless steel® 57+8 ¢ (53]
powder . . . et al.
Ti6Al4V 6427
N,, 550 € -750 C, 3 MPa, 7h
ou
spherical Ti6Al4V powder, in-situ  Xi’ an Jiaotong University =~ Ti6Al4V, sand blasting 27-37 L al 54
shot peening assisted cold spraying oA
N.2 , 600 C, 2 MPa, spherical Beijing institut'e of ae?"onal?ti- Ti6AI4Y , sand blasting 20,6 JIN L
Ti6Al4V powder cal manufacturing engineering
He, 625 °C, 1.5 MPa, spherical . . . Pelletier
Ti6AI4Y powder Low-pressure cold spraying ~ Ti6Al4V, sand blasting 41 JL
N,' He", 950 °C, 5 MPa, spherical 41.4'
> e o2 T SRR pes_1000 Ti6AI4V , sand blasting y Khun N W'
Ti6Al4V powder 75.1
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Table 3  Tension strength of Ti and Ti alloy coating after heat treatment
P ti Heat treat t
Coating repatrz.al on el Treatmen Porosity/ % Tension strength/MPa Reference
conditions (HT)
N,,600 C, Vacuum, 1050 “C, 11.3( As-sprayed) ;
Ti6Al4V . ) Hussain et al. ''”’
4 MPa 1 h, air cooling 4.5(HT)
N,,900 °C, Vacuum, 1000 C, 14.2( As-sprayed) =~ 120( As-sprayed )
Ti Huang R et al. [
3 MPa 4 h 7.6(HT) ~185(HT)
<200
N,,800 C, ~7( As-sprayed As-sprayed
Ti6Al4V ? Air, 1000 °C, 4 h (As-sprayed) (As-sprayed) Vo Pt
4 MPa 8. 1(HT) 462 + 42, elongation
5.5% (HT)
800, elongation 0. 02%
He,600 C , )
Ti Air, 550 °C, 2 h ( As-sprayed) ; Zahiri S H'®
1.5 MPa
600, elongation 0. 02%
Air, 520 C, Vacuum, 850 °C, 5.4z 2.4 (As-sprayed)
Ti Li WY
2.8 MPa 4 h 21.6+4. 6(HT)
Air, 520 C, Vacuum, 850 °C, 22.3 £4.7 ( As-sprayed)
Ti6A14V Li WY
2.8 MPa 4 h 29.7+5. 1(HT)
N,, 800 C, 6. 74+0. 98 ( As-sprayed ~160 ( As-sprayed
Ti ? Ar, 400 °C, 4 h (As-sprayed) (As-sprayed) Wong W*’
4 MPa 6. 66+0.92( HT) ~160(HT)
1. 72+0. 52( As-sprayed)
He, 950 C, Air, 800, )
Ti6Al4V 0. 87+0. 22( HT800) Khun N W'
2.5 MPa 1000 C, 6h
1. 83+0. 4(HT1000)
N,,1 100 C, Vacuum, 1000 °C, 3.83=0.39( As-sprayed)
Ti6A14V Garrido M A"

5 MPa 1h

1.37+0. 62( HT)
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e
>
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Fig. 11 3D-reconstruction of the pores within the cold-

sprayed Ti6Al4V samples under different conditions: While
the color scale bar corresponds to the equivalent diameter of

the reconstructed poress
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