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Comparative Study on Microstructure and Performance of WC/SS316L
Composite Coatings Prepared by Supersonic Laser Deposition and Laser Cladding
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Abstract The WC/SS3161. composite coatings are successfully deposited on the surface of 316L stainless steel by
both the supersonic laser deposition (SLD) and the traditional laser cladding (LLC) technologies. The macroscopic
morphology, WC distribution, microstructure, phase composition and wear-resistant property of the as-deposited
coatings are comparatively studied. The results show that the multi-pass overlapped coating of LC has obvious
macroscopic cracks, while the surface of SLLD coating keeps smooth and compact without macroscopic defects. In
the LLC coating, the ceramic WC particles unevenly distribute, while in the SLD coating they uniformly scatter. In
the LLC coating, the microstructure distribution is non-uniform and is along with the generation of harmful phase,
while in the SLD coating, the deposited powder maintains its original microstructure and performance and the severe
plastic deformation can also be observed. The friction coefficient of the SLD coating is 28% lower than that of the
LC coating, and thus it exhibits a better wear-resistant property.
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Fig. 1 SEM images of feedstock powder. (a) SS316L; (b) SLD-WC; (c¢) LC-WC
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Fig. 2 Schematic diagram of SLD system
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BCA T W AR X 0 B A 20 A R iR A . SLD RGERY R a8l 2 frzs . LC 9250 % Y e =k 7 =X
BA R RS 0.75 mm, JRIPVUA N A(AD . SLD 5 LC SR T 2280 il in gk 1 fisk 2 s,
%1 SLD WC/SS316L I T2 28
Table 1 Process parameters for SLD WC/SS316L

Deposition site Scanning Powder feeding
N, pressure /MPa Spray distance /mm . )
temperature /C velocity /(mmes ') rate /(gemin ')
3 30 500-900 10 20

%2 LC WC/SS316L I T £ 3%
Table 2 Process parameters for LC WC/SS316L.

Laser power /kW Scanning velocity /(mmes ') Layering thickness /mm Protection gas

1.5-1.8 8 0.75 Ar
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FIZE AR EXT LC PUAUZE N SLD JUARJZ S fE #E 47001, 38 i SEM G2 B 305 COMD XU 2 i
TR SV AE FNZE SR S VEAT 2007 L 8 1 X S 2R A7 55 (XRD) A T R 2 4 FH 435 40 147 20 0F 2, 1 i 13 4
(EDS) X UTAR)ZE 1Y JC R 43 A e A7 A58 . R T 3k 4 2 458 52 36 L X 0 A2 09 Tif 5 P e 2 47 DOk, 48007 Ry
500 g, %534 500 r/min,
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BB LC UURUZ A B 1 WC 0B LA ¢ X, 1 SLD U ARZ LT A 7 B 1K,

3 WC/SSS316L Vi ZMEmA LS. (0 LC; (b) SLD
Fig. 3 Cross-sectional morphologies of WC/SS3161L as-deposited coatings. (a) LC; (b) SLD
LC Fl SLD Z i #Z Ui FUZ M EOC D R AR B X3 1.7 kW A1 900°C . #5HR ¥ 40% ., B 4 (a0 H
WC/SS3161L YLFZ 7 WIE 3, AT LAULEE 3, 2238 1 B T 4 1 3R J7 ) 19 22 WL a0 Bt g 3 A LC DR 2 3R
I SLD YR Z R M- E0E . K 4 (b)) IR 2 WA EE i XT B, vl DU Y LC AR G i X (HAZ) H 3

b U
LAY

4 SLD 5 LC #l4 WC/SS316L MIBUE. () EMEH: (b) AL X
Fig. 4 WC/SS316L as-deposited coatings prepared by LC and SLD. (a) Macroscopic morphology;

(b) heat affected zone in substrate
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Fig. 5 (a) Microstructure of LLC coating; (b) local magnification of LLC coating; (c) microstructure of SLD coating;

(d) EDS analysis result in LC coating
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Fig. 6 Micromorphology of combined WC and SS3161L.. (a) LC coating; (b) SLD coating;
(¢) LC coating and EDS analysis results; (d) SLD coating and EDS analysis results
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Fig. 7 XRD patterns of feedstock powder and as-deposited coatings. (a) Feedstock powder;
(b) SLD coating; (c¢) LC coating

1102002-5



H | i ot

3.5 MREMEMEESH

Kl 8 2 SLD 5 LC #y WC/SS3161L HL A2 7640 [F] 2 far £ FH N 04 19 3 B8 458 22 B0 B m) i) A2 fb i 4. LC
DU Z B F- S BE R AR 0.9, SLD JURRZ I BE#E R0 0.65, 48 LC DLARZ , SLD TUAR 2 1Y B 48 & B P AIR
T 28%., R B MOESMIE 9 s, T LA S SLD 5 LC YA 2 MY IR 55 B 4> %N 629.16 pm F
859.71 pm, H BRI 77 6 (0 (1 F0 3 Rk (2 F 4 PRl X 38, SLD YLAUZ A LC JURUZ BE IR 19 a3 i
KIES 43 M E 9 (b) (D PR, SLD JIBUZ R A — L8R AL . TR FTE X . 7R f b A 40
/N WC BRI SLD TR 2 3 95, B 5 B2 52 R 11 5 20 XoF K 235 AH 2 1 ) 405 o T A s o s 45 L . H B Aok
&> SLD UUBUZ B8 R 4 vk , R B0 H 8 MR B 1k . T AE LC OB )2 v, 3R I A7 76 V8 2 K 35 B 0 5 | J 1) 0 7%
Y. XOEm T WC BURLAE 7 ME A , 78 3R 22 00 5 10 A b WE R 1 WC B0kE & AR T R, an il 9 (D Hh i Sk
JiR . WC BURLAE SLD BURR 2 i i 8 w55 HL A3 A 3950 WOt B BEAE T3 0 T Wi 88 AR 5 0KG 25 40 09 45 5 53 B
PR Z WL 4 = T SLD BIEUZ BT s i bE R . LC DUBUZ b i) WC FIURLFE 15 3t vh 35 43 9 e 6 L T
Hl T8 i % iz 3l . WC BORLAE DT AR 2 v i 20 A A 245 B LATE J8 4 3k 7 vh T AR 5 R 52 1) 1 KG
65 ] TGV RRAIG L LC J0 AR 2 22 B AR G 9 T BE PE BB . EDS 431 45 5 n 18 10 Bz, ] L & B3 (5, X 3 v 48 T
EoRMBmE RO ILFRAGETE.

1.0f
2 0.8¢
g
O
g 0.6f
S ——LC-WC/SS316L coating
= 0.4 SLD-WC/SS316L coating
=]
g
E02f
0 1 1 1 1 |
0 10 20 30 40 50 60

Duration times /min

PE 8 PR g8 AR MR N 1] 9 72 1

Fig. 8 Variation of friction coefficient with time
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Fig. 9 Micromorphology of worn surface. (a)(b) SLD coating; (c)(d) LC coating
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Fig. 10 EDS analysis of worn surface of as-deposited coatings. (a) SLD coating; (b) LC coating
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