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Influences of Laser Remelting Trajectories on Microstructures and
Properties of Fe-Based Ni/WC Coatings
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Abstract The Fe-based Ni /WC cermet coatings are covered on the surface of 457 steels by the plasma spraying
technique, the coatings are remelted under four laser remelting trajectories, and the influences of laser remelting trajectories
on the microstructure and properties of the coatings are investigated. The results show that the circular laser remelting
trajectory exerts the most obvious improvement on the coating properties. The element transfer occurs between the
substrate and the remelted layers under the action of convective mass, and the combination mode between the substrate and
the remelted layers changes from mechanical bonding to metallurgical bonding. WC, W,C and other hard phases play the
role of dispersion-strengthening in the cladding layer. The micro-hardness and wear loss of the coatings under the circular
laser remelting trajectories are 1.4 times and 33.7% of those under dotted laser remelting trajectories, respectively. The
porosity of the coating under the circular laser remelting trajectories is the lowest.
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Table 1 Chemical compositions of Fe40 Fe-based

alloy powder (mass fraction, %)

Element Ni Cr B Si C Fe
Content  8-12 15-20 1.5-3
2 Ni60+35WC BRI E & M K 1 fh2
R it 4330, %0)

Table 2 Chemical compositions of Ni60+35WC nickel

1.5-3 <€0.5 Bal.

tungsten carbide powder (mass fraction, %)

Element Ni Cr B Si C Fe WC

Content Bal. 15-20 3.0-4.5 3.5-5.5 0.5-1.1 <10 35

3 ARBOCERRLTHN T LZSH

Table 3 Process parameters under different laser remelting trajectories

Trajectory Power /W  Scanning speed /(mm * min ') Spot diameter /mm Energy density /(W * mm ' « s 1)
Dotted 500 200 1.5 48

Rectangular 500 200 1.5 144
Parallel 500 200 1.5 91
Circular 500 200 1.5 97

B 1 AREOLEFRIT FIRZNREIESH . (QF 5 (WDHEIE; (P17 (D RIE

Fig. 1 Surface morphologies of coatings under different laser remelting trajectories. (a) Dotted; (b) rectangular;

(¢) parallel; (d) circular

041404-2



55, 041404(2018)

ANSHBIZFHRE

www.opticsjournal.net

22 XWAE

L1 J5 A 11 ) BSOS 15 mm X
10 mm X 6 mm /NRFE 351 FH D 48 S 56 WL R
RN R ATTEAN S kA € S i )
40 BYBS IR £ BV W AR B T 29 10 s, W TR
T )5 Fl H A BObR L 37 4E A A= 7 ) RS Oy STMT 1Y
4 R o Al B R % R A T ) R OB A . SR L
TR RSO AR A7 BR 28 7 AE 77 1 A4S S MLAG50F (1)
Yk S T B (SEMD W EE R [A] 80O T 4%
L7 BT N SN R A R N TR T AN R A
S, 3 BRI BERE AL (CEDS) Al X 5 28 A7 4L (XRD)
XFURJE T IC R 43 A S W AR AR AR AT A A AR A
Jade FRAF XTI RAE HE AT 9 AHAR 28 L X iR /) gk

Ty b o A AR R SRR A BR 2 ) A 7 A Y
70 MMG-10 B RCHL 8 il v I s ook 8 488 % 4 il 5
BLHEAT BE 4 I 0 S 56 e ) GH21 W il 4 B0 O B
SERIPLRL L EE SR P B S S IR 4. SE R AR X
VB AP 2 T B ~F- 2 6 S KR B T TN R O SR T
R U 7 28 Bk 2 AR A R R AR 7 i B S O
FA2014 1973 Hr L 2K - B ks B35 40t 1) ot i A
PR EAE = RS I OB .l 04 22 W e 3 4
fr L7 B RS FM-700 A9 8 OB B2 I X430 1A
[ SO F AR LI R U R B RE R L AR 1,96 N
INEEF 2 10 s, WL B 0.05 mm, B s
SWEBCOEHME . FIH Photoshop BT 5 AR TR i
JCH P T AR R LB R

w4 OBREERTESH

Table 4 Experimental parameters of friction and wear

Normal load /N

Parameter

Rotating speed /(r*min ')

Wear time /s Test temperature /°C

Value 350

1800 20
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Fig. 2 Micro-morphologies of remelted layers under

different laser remelting trajectories.

(a) Dotted; (b) rectangular; (c) parallel; (d) circular
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Fig. 3 Element content test of coatings under circular laser remelting trajectories. (a) Area; (b) result
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Fig. 4 XRD pattern of cladding surface under

circular laser remelting trajectories
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Fig. 5 Metallograph of bonding interface between coating and substrate under different remelting trajectories.

(a) Dotted; (b) rectangular; (c¢) parallel; (d) circular
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Fig. 8 SEM images of coatings after dry sliding under different remelting trajectories. (a) Circular; (b) dotted
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Fig. 9 SEM image of parallel scanning

trajectory after dry sliding friction
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Table 5 Surface porosity of coatings under different remelting trajectories

Trajectory Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Average
Dotted 4.3% 4.1% 4.5% 4.2% 4.7% 4.36 %

Rectangular 3.4% 3.8% 3.1% 3.5% 3.6% 3.48%
Parallel 2.2% 2.5% 2.7% 2.5% 2.8% 2.54%
Circular 2.0% 2.1% 2.5% 2.6 % 2.4% 2.32%
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