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Abstract: Cold spraying technology has a number of unique characteristics, most notably the solid-state
metal powder deposition. This property confers the technology with significant technical advantages and
application potentials in the domains of coating preparation, high-efficiency and high-speed repair, and
additive manufacturing. Nevertheless, when applying for high-strength nickel-based superalloy materials,
this technology remains confronted with significant technical challenges, including high coating porosity,
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inadequate strength, and an absence of plasticity. In this paper, the critical deposition conditions and

influencing factors of cold-sprayed superalloys are systematically reviewed, focusing on the microstructure

characteristics of deposited materials and their correlations with properties (especially tensile properties) ,

and summarizing the main methods of microstructure and performance optimization, such as post-spray

heat treatment, post-spray hot isostatic pressing, laser-assisted cold spraying, and in-sizu shot peening-

assisted cold spray deposition. In the future, for expanding the engineering applications of cold-sprayed

high-temperature alloys, it is necessary to modify the particle deformation conditions and expand the

deposition window, to develop the hybrid treatment methods to improve the coating property, as well as

lowering the process costs. These measures will provide a theoretical basis and technical guidance for its

applications in the fields of aerospace.

Key words: cold spraying ; superalloy ; critical velocity ; microstructure ; property ; damage repair; additive manu-
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Fig.2 Schematic diagram of oxide film breaking process at collision interface of cold spray particles'
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K3 ARIEA B TIRSECT PR Inconel 718 4R _F i Tn718 & 4kl 7R wiE 512
(a)N,.3 MPa 1000 ‘C; (b)N,.5 MPa,1000 “C; (¢)N,.7 MPa,1000 ‘C; (d)He .3 MPa,1000 C
Fig.3  Surface morphologies of In718 alloy particles deposited on Inconel 718 substrate under different cold spray deposition parameters-*’
(a)N,,3 MPa, 1000 “C; (b)N,,5 MPa, 1000 “C; (¢)N,,7 MPa, 1000 °C; (d)He, 3 MPa, 1000 °C
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Fig.4 Cross-sectional SEM image of cold sprayed
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(a)flakes and flakes boundaries; (b)individual flakes containing

low- and high-angle grain boundaries
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Fig.6 Microstructural characterization of In718 coating'™

(a)cross-sectional topography of sedimentary layer; (b)BS-SEM image of sedimentary layer;

(¢), (d) TEM images of granular deformations within sedimentary layer
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Fig.7 Cross-sectional SEM images of heat-treated cold sprayed In718 coating
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Table 1 Tensile mechanical properties of In718 coating

before and after heat treatment*”’

Yield strength/  Ultimate tensile

Sample MPa strength/MPa Elongation/ %
As-polished 792444 0.37£0.01
HT-2h 1085422 1352+32 15.240.22
HT-4h 1125433 1384446 10.1£0.18
HT-8h 1218+24 1412452 7.2+0.12
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Fig.8 Stress-strain curves of CS Inconel 718 coating deposited by different accelerated gas types under spray and heat treatment conditions

[29]

(a)general view ; (b)enlarged view of box area in Fig.(a)
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Table 2 Tensile properties of CS Inconel 718 coating
deposited by different accelerated gas types under

spray and heat treatment conditions'*

. Ultimate tensile ) Young’s

Condition Elongation/ % )
strength/MPa modulus/GPa

N,-AS 611 0.48 130

N,-HT 1160 2.94 153

He-AS 1168 0.58 201

He-HT 1272 9.64 206

5 4 WU RO B A B [ 22 A40HV 5, H A Ad15 i L2 81
PR PR - W55 AN 196 MPa, Ml 950 °C+
XSO 3 (U J2 P A i B2 U 7 798 MPa'®
42 BIEHERHE

#AE i (hot isostatic pressing , HIP ) f& — Fj X}
& B B B AR R R I T A R T AT
KR A LAY S5 B 1 R AT B0UR AR AL B, R T A
PESARNE A A 5T, AR ] He 1 DA A§ A T 10 34 2

YEF T80, e 3 ml ik JL e KM it o 76 e
AL 3K 2000 Co 28 5ok #4554 31, b4 R} A T S A
1 5 P DL B 7 2 1 g 2x AR AR AR R (R B T, 9% 57 A
AN 10~1001% . W T2 EENHTEHIEA S .
KE4E Bae Mee el MRa4es A%
EINELIES R

I 2 A5 R A S ) ¥ I TR Ni-20Cr T AR 4
FL B 23R X WS U A A AL R R R R T 750, i R
BT 27% ,BE) T o WA SUER . 3R
G5 TV WU B F R i Ni-20Cr JB AR T 5 3% 25 A 45
F R AL A 1F R 5 B R Ni-20Cr 4 4 1 2 WL A L
P et S R R 2 VR HR R A BE Y Ni-20Cr 1T
FRA 2 B 55 HfR Ni-20Cr A 24 il (i 3 ik 51 i
TR AR AR BR o b i B DU AR X AR . R IR DR
(14 ot PR 5 56K, X MT 6 01 BRI 1 A Rk 7 1) FL B
B , 3 S AL B AR o 2 S0 A AR N ) T Wi A=, DT 52 3
HPrhrsm i 5 0 KR A FRAKT-. HAh, A5 #
s Ah 3 O RRUAA By L PR A et AU, I 2 1T e 5 A
S R A T R A I TR R AR A G

F3 OABURIEHHIE Ni-20Cr EREBLR S AL FE A IR &M T 534 Ni-20Cr & £ 5975 WAL 208 L5
Table 3 Comparison of macroscopic tensile data between cold spray additively manufactured Ni-20Cr thick plates in as-sprayed and
HIP-treated conditions and bulk Ni-20Cr alloy™®’

Condition Young’s modulus/GPa  Ultimate tensile strength/MPa Yield strength/MPa Elongation/ %
Bulk material 214 730 350 28
Ni-20Cr-AS 111419 590429 270+19 7.1%+1.5
Ni-20Cr-HIP 142417 512423 260+ 14 28+1.0
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PR S RO, TR FH ROty B o A R A e MR il 42
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A S AN R, Q] 9 TR BIr A iR S B R T
ghEA R FLBRART 1% RS2, X 3 N F#0E
PR A BUREAE BE 1A 0 8 i i 5| k1 v 9 1 A
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Fig.9 Different laser nozzle configurations(1) and SEM images of corresponding coatings( 2)64]
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Y30 (in-situ micro-forging assisted cold spray) , H:if
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