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Effect of Sulfur Diffusion in 38MnVS6 Steel on Morphology and
Microstructure of Laser Cladding Layers
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Abstract The laser cladding of CoCrW powder on 38MnVS6 steel substrate is conducted, and the effects of active
elements in substrate on the morphology and microstructure of laser cladding layer are investigated. The results
show that, when the powder feeding rate is 5.60 gemin~' and the scanning speed is smaller than 5 mme+s™', the
melt pool of cladding layer is relatively deep and the fusion line of cladding layer and substrate is concave
downwards. When the scanning speed is higher than 6 mme+s ', the melt pool is relatively shallow and the fusion
line is smooth. The increase of the powder feeding rate makes the change of cladding layer morphology. The sulfur
content in substrate determines the temperature coefficient of surface tension, which changes the direction of
Maragoni convection and thus influences the final compositions and microstructures of cladding layers.
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Table 1  Chemical compositions of substrate and cladding powder (mass fraction, %)
Material B C Cr Mn N Ni S Si Ti A% W Fe Co
38MnVS6 - 0.3 0.16 1.4 0.012 - 0.04 0.65 002 0.1 - Bal -
CoCrW 2.3 0. 35 25 - - 8 - 1.6 - - 5 - Bal
1030 nm 1 kW ; )
Nd: YAG o 100 pm o
, 160 mm o 700 W, 2. 0 mm, 2 ~
1 . 10 mmes ™', 1.8~9.4 gemin ',
charge-coupled-
device camera
laser heading
nozzle of powder
feeding
powder feedi
system
1 . (a) 3 (b
Fig. 1 Experimental setup of laser cladding. (a ) Processing system ; (b ) processing head
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Fig. 3 Dilution rates of cladding layers under

different scanning speeds

Fig. 4 Cross-sectional morphologies of cladding layers under different powder feeding rates. (a) 1.80 gemin

(b)3.13 gemin~'; (¢)4.37 gemin"'; (d)5.60 gemin"'; (e)6.93 gemin ' (£)8.17 gemin™'; (g) 9.40 gemin !
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Fig. 2 Cross-sectional morphologies of cladding layers under different scanning speeds. (a) 2 mmes '

(b)3 mmes '; (¢)4 mmes '; (d)5 mmes !
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Fig. 5 Content of sulfur element distribution along depth
direction of cladding layer under different scanning speeds
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Fig. 6 Temperature coefficient of surface tension

for different alloys

38MnVS6 s
b ’ ’
b
R 5.6 , s
°
’ b
9 2 N ’
b o
6 mmes~ ',
b b
b b
b b Y b
b o
b
o b
b
[21]
b b
b
. 2 4
N o

o /
2(e) ~ (h)
4(e) ~(g) o

, 2(a)~(d)

4(a)~ (o)

o

o

(a) 5 (b)
Fig. 7 Schematic of direction of Marangoni convection

in laser cladding. (a ) Outward flow ; (b) inward flow
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Fig. 8 Distributions of main elements along depth direction of cladding layer under different scanning speeds.
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Fig. 9 Schematics of molten pool morphology and
solidification front. (a ) Molten pool with inward flow ; 4
(b ) molten pool with outward flow ) 0. 04%
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Fig. 10 Microstructures of cladding layer. (a ) Molten pool with inward flow, cross-section ; (b ) molten pool with
inward flow, top region ; (¢ ) molten pool with inward flow, bottom region ; (d ) molten pool with outward flow ,

cross-section ; (e ) molten pool with outward flow, top region ; ({f ) molten pool with outward flow, bottom region
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