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Abstract: By specially designing the cladding head, the optimal coupling of laser beam and powder flow could be achieved in
the newly developed high speed laser cladding (HSLC) process. Using such head, the particles melt in flight while the surface
of substrate forms a micro-melt pool, so that a coating with metallurgical bonding can be obtained due to the high deposition
speeds and powder utilization rate. As a result, producing high quality coatings with thickness <100 pm and dilution <5% is
possible by using HSLC. In order to characterize the microstructure of the HSLC coatings and expand its applications, four differ-
ent coatings with low dilution ratio are fabricated and the microstructure and properties of the coatings were studied under a rela-
tively low laser power. Results show that high-quality pore-and crack-free coatings with thickness of 120~500 pwm are produced
by HSLC. All coatings have compact structure with coarse columnar crystals around the interface and fine grains near the coating
surface. The melt area of the substrate reaches a micrometer range, and the dilution rate is less than 1%. For the nickel-based
WC coating and the wear resistance coating on aluminum alloys, the hardness of the coatings is much bigger than the that of sub-
strate. For the burn resistant coating on titanium, the depth of the laser-melt hole and range of HAZ is significantly reduced. For

the diffusion resistant coating on high entropy alloy, the oxide film ( Al,0;) forms by pre-oxidation. Overall, the coatings with
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low dilution ratio prepared by HSLC exhibit good protection for the substates studied.

Keywords: laser cladding; coating; thermal spraying; microstructure; dilution ratio
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Fig. 1 Cross-section microstructure of nickel-based WC composite coatings with different thickness

(b) High magnifiation
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Fig.2  Microstructure of the interface between nickel-based

matrix and WC particles
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Fig. 6 Elements distribution of Cu+NiCoCrAlTaY coaling

K FH 300 Wi 500 W3 - 0t (066 BE
1.8 mm) 435l £ TC4 JE{AK | Cu+NiCoCrAlTaY ¥R
JEIRIEIAT 8 s A5 s WIELL S0, WLIKl 7, 45
S TE 300 W BOBVERT, 30k K vk 12 be ik
DAL, A2 T SRR RN AR . 76 500 Wi
SR, Sk Ko vk 2 be b 5 % Ak B0 A Ak be
B, EATEAR N IR FE , Fe T L T R SRR

B AL S B9 il A A AR R B Be b, A
FHFIOEEBE T, b bl X 38 1 48 TG B 2 22 51, 5
TE Cu+NiCoCrAlTaY B S EBEIEA T, Leph iR
JEE I 8 B AT, A i) X 33 PR B 9N, R B Tk
EEA Bk ERE, E2EH FAE Cu+NiCo-
CrAITaY IR)ZVERT AR B VR TR BB 14 |
s A R 3 B 4 SR SAE T TR TR )
RELLEBRBZED ™80, BHLAT VR 2 B A 1) S AL R A%
MR SEE Ni IR )25, Cu TRIZH Cu Bk
R, A2 B A CuO 3 — s R,
B Ti,Cu 55 I J w3 i W W50 ) 3 1 IX
S8 SR e A SR s OV, R,
TE Cu J& NiCoCrAlTaY IR Z W E R T, %K
B URZR S| —EBHAER

(a) CutNiCoCrAlTaY
coating 300 W=8 s

(b) TC4 substrate
300 W=8s

(c) CutNiCoCrAlTaY
coating 500 W=5 s

(d) TC4 substrate
500 Wx5 s

K7 HOLBenG TC4 JEfA L Cu+NiCoCrAlTaY )21
2N
Fig. 7 Surface morphology of TC4 substrate and Cu+NiCo-

CrAlTaY coating after laser spot melting

2.3 CuAINiCrFe BEA BT BRE

PR LR 2 70 1o Ul R AR A i PP R 25 2/ B R B
T AL TR Y HOK S 80K Z i R R
F &SR BN A, 0 R AH LA LA
X, [ s W A8 R OT R IO B . R,
WG aTE R IR IR T TS R TR 3T 30
KA AR TR E AR E R,

W OB E X — AR S m G 4
ghih, HEAT R M R B A R k. R
CuAINiCrFe Sl & &M A, FEWOLTIH 2.2 kW,



55 2 1]

et , . H R RO IR R R IR R RO S R 155

B 260 mm/s, FEHE 4 80% T, 7E Inconel718
ERE 4 B4 T CuAlNiCrFe &4 4 BT L
W2, HhE 8 XRD fiiht BIHE AT A, AW TS
KW bee 458, 172 FEH bee Al fec MAHLHL
PR

Coating after pre-oxidation * fec
« bee
i 10’)(200)
Qg 210
- 2l e 1
; Coating as deposited
= «(110)
g MDF 000y w200y Q1D
Powder
(110)
211
] s G
10 20 30 40 50 60 70 80 90
26/(%)

K8  CuAINiCrFe i3 &M K IR )2 K U AL IR )2
XRD i

Fig. 8 X-ray diffraction patterns of the deposited CuAINi-
CrFe high entropy alloy powder and the coating as prepared

and after pre-oxidation

L g
—

(a) Distribution of element Al, Ni

(b) Region near the coating surface

WA DFRERW OGS AT DL 2 R
KA SRR MRILET ) RIZ O 5
B9, AT, A 0 Wm0k 2 2R G54, =
HIEE T W = G &R BB S R 2
JEREE), 25 150 um, JC AL S BE

B 9(a) i, il 4 3 BT A1 7 1) 0 2 T
PR F TR AT, JC RS N IR R R
RIAES AL, FELS A SR &, AL il Ni JGER T
REEAAERAE, HHEX A 10 un, BIEHBEF
KT 5%, s SO B AR TR g oLE
B TIEE AN H B TR RN, HAR B
JER)ZE R RS R RN R
AR AR 2 T A A /D ek A /N5l &y

YEHBEDY B4 2 , CuAINiCrFe B & 4182
TE 1050 C R AT (F 5 <107 Pa) #4710
AL, TR Z R EIE L — 2 80% A A LIBE S T
YR ISR E R Ay, BUA L2 h 5L TRE
HORAZUE S UL 10, fE 10(a) AT, P42
J CuAINiCrFe S & 4R 2 RDE & T — )2 %

(c) Bonding region of the coating

E 9 CuAINiCrFe i A 4tk Z R M HOUIE 5

Fig. 9  Cross-section microstructure of CuAINiCrFe high entropy alloy coating
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Fig. 10 Cross-section and topography of CuAINiCrFe high entropy alloy coating after of 2 h pre-oxidation
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Fig. 14  Microhardness distribution of FeCr alloy coating
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