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Abstract Laser cladding technology was used to prepare TiC particle-reinforced Fe-based composite coatings on 304
stainless steel to improve its surface properties. The effects and reasons of laser power on the geometrical microstructure
characteristics and hardness of the cladding layer were investigated. The microstructure characteristics of the cladding layer
were comprehensively characterized by grey relational analysis. The height, porosity, and content of unmelted TiC
particles reduced as laser power rose, whereas the width, depth, dilution rate, and secondary dendrite arm spacing of
precipitated TiC increased. The amount of precipitated TiC increased and then decreased, whereas the secondary dendrite
arm spacing of the matrix decreased and then increased, reaching their maximum and lowest points at 1800 W,
respectively. The surface of the cladding layer is well-formed when the laser power reaches 1800 W. It has a well-balanced
microstructure and the grey relational grade is maximum. The cladding layer has an average hardness of 801.5 HV, .,
which is roughly 4. 5 times that of the substrate. In addition, the dissolving mechanisms of TiC particles during the laser
cladding process were deduced. There are two dissolving mechanisms for TiC particles, which are distinguished by
outward-inward and integral decomposition. Both processes work together to cause TiC particles to dissolve completely.
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Fig. 1 Schematic diagram of laser cladding system
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Fig. 2 Morphology of cladding powder. (a) Optical microscope picture; (b) scanning electron microscope picture
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Table 1 Chemical composition of the substrate and Ferro 55 alloy powder

Mass fraction /%

Material - - - -
C Mn P Si Cr N1 Fe Mo
304 stainless steel <0.08 <2.00 <20. 045 <0. 030 <1.00 18.0-20.0 8.0-11.0 Bal. —
Ferro 55 0.35 1.1 — — 0.3 7 — Bal. 2.2
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JEEE K 2 mm, 6 E N 3 mm, AR A T. A S50 % 2
s o
F2 WOLBHE T ZSE

Table 2 Laser cladding process parameters

Process parameter 1# 2 3# A4 ot
Laser power /W 1600 1700 1800 1900 2000
Scanning speed /(mm-+s™") 6
Spot diameter /mm 3
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Fig. 3 Macroscopic morphology and penetrant test results of cladding layer at different laser powers

MO TR 1600 W, #ki A B #/0N l ik
FI) 10 e A L R A I, 0 7 2 P A AE R I R THC i

KiLo AW TIC OB 1A 18 0 i 3 2 280y 7 A P 5
TR A - 1) AR P 2l R, A BF 58 B fik B9 TiC B0k IE

1914002-3



AR RN 056 A7 A 5l 4, 3K 6 T 5G4 A B9 e B AR ¢
Ty R IR B BT R KR 5 2) TIC AL
Ferro 5583 R i) S ik 2 K022 5 0K, I i v Ak, 5
TE A B TIC JURL BE T 7 AR 8RR R AR B ), e 4 3
BORGUWIE R R, B ARAE BEZ T R TIC
LI 5 A2 A R T R R A )R 1) SR SRR

Pl 4 2 06 T 30 J5 B U LA A8 I AT 23 2 24
Tk A9 52 W, B 35 POE D AR AN, K AR 0 R
TiC Bk & LR B AIR, TR S A B R

%6055 1981/2023 &£ 10 A/t 5B FEHE
e Oy A4 0 1 I S B R EE TR B 2 TiC
WURL 4 55 4 s Ak, 4 Tt PR T8 7 X S A P 4 5, 28 il 1) 4
e VB E T ) A B, A RO B 1 R R AR L 9 R
B T e b A A T 1 B A AR A T P R A
A7 IR e BT R T i AL R I R AR . D)
A WO Ty 220 B A A5 A T 04 g 1S 0, AT
FOETRIG N . I B2 WA R R S R 0 B
TRBEA G, 7 2 o B W A L R B2 485 n = S50 0 o o3
i, B AT Hs 7 2 B R A P B i

4400 t(b L
1300 }(a) ‘\ oo (b) 600 () e
1250 I
i P, i 4200+ ./. i 550 i /
1200 \ e (A 2 >
E = 4100 & 5 500} p
.%“ 1150 — = 4000} 2
= 1100 \o = e /
3000F o—o ¢
1050 3800 } 400
1600 1700 1800 1900 2000 1600 1700 1800 1900 2000 1600 1700 1800 1900 2000
Laser power /W Laser power /W Laser power /W
36} 511 He) o 12}(0) o
£
g 34 ./. g 10} 1.1
332 v < of € Lof
£30 / E sl 3 09}
'é 2 4 Y | = 0.8}
528 8 7 . &
A = 0.7 e
26 ¢ § 6 0\.\.
= 06}
24 8 bt

1600 1700 1800 1900 2000
Laser power /W

1600 1700 1800 1900 2000
Laser power /W

1600 1700 1800 1900 2000
Laser power /W

P4 BOBT RS EZE S 2R (a) i BE 5 (b) B8 B2 5 () TREE s ()M B 5 (o) RIE TIC WURL & 4k 5 (DAL
Fig. 4 Influence of laser power on parameters of cladding layer. (a) Height; (b) width; (¢) depth; (d) dilution rate; (e) content of

unmelted TiC; () porosity

3.2 BADERMNBREERALMNTN

P 5 S 5 43 4 16 5 B o 6 mm /s AR O 3 R 4y
2 1600 W, 1700 W 1800 W 1900 W ,2000 W i 4
T2 IO s RS 3 DX s 0 oW L 2R, AT LU L
B 245 XSO A 20 32 2 h A 1 THC B i S AR A
H . AT ZNE B TiC A &R A
[i] 76 RS 350 X3, M THC B9 A & RS e/ 5 1 v X
B, B TIC AR i RS 8 K5 78 TOU IX 38k, #r i TiC
AL fib RSH A F IR A i X Sz e o i — P4 2
59 b %) A7 B[] R [ G O . R OB A R
H RS X R S AR E T A B AR T IR
PR J b v Y A PR T 9 2 RS DX AR AR
I [) P V& B0 5 11, A A RS e/ o 7R T X 3, 445 it
5 3 S OM B A, A e R R O 2Rk B BT
PR T B 5 D 7 S ST W AN I £ U A N G s e
X R, B AN 5 R W B M, SO 5 25 Rk, b X3
R ] R A BT TIC A 7T R B9 AR KR a] R, A
NI RN

AN ARG T 9B 2 4 BT TiC 135 &,
WE 6 RrR . WIS FIE 6 7] LLE H, B & SOETh R

B, B TIC B B TR RS REIR . X R O B
Aok A R T D DAY 1 £ A 3 Sy, — 5T B
ST SE I, B A B In, Ae 2R T AR R A Y
TiC WOk AL, O 0 9 TiC & 8, 5 —J5 i,
B O DI A B G0, e 8 = 1) TR AR BRI, 24
B A TIC 559 70 A5 7R 15 B2 R i, L R . X
P T8 2345 3 3501 A= R A THC B i Rl
Ty AR I BLE T R FEAR A S S HOE TR
1800 W, 4 2 J2= A TOUAR | wp & i &5 X 34t TiC #Y
Fh R I R DT B TiC & Bl 22 5,
M6 ] LAF A R OE 2 R T0HS X 5 A i
TiC Y 35 5 d i, I DI HE THC 19 3% 1 el . X
JE R AR OG0 A b TR DX 30 v 3 DX 1 S
Blede Al , ELEE [ i (] AR B0, RN AY TiC UKL A AL 48
F18 BSF T1) 2 A e A A AT i i 8 X ek i S B OB IR A
U5 [ F [ AR X 5 06, A A B TiC & ALl . 73 4h,
FAXT T Fe B ok UL, TiC f% BE B0/0N , 16 45 35 [
AR R PGF T U AR AR AT A TiC 1 B sh
PR M s 8 )22 T DX AT 1 1) THC 3 B v
TR S 3 BT TIC A A AR AR R S i R

1914002-4



top

1600 W %8

1700 W

1800 W g%

1900 W 0%

2000 W

£ 60E5%F 1981/2023 £ 10 B/ M EREBEFEHE

bottom

5 N[O T AR B T S LR X 2 U SEM

Fig. 5 SEM images of the microstructure of the top, center, and bottom areas of the cladding layer at different laser powers
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Fig. 7 Effect of laser power on the secondary dendrite arm spacing of the cladding layer microstructure. (a) Precipitated TiC; (b) matrix
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Fig. 10 Schematic diagram of the two dissolution mechanisms of TiC particles. (a) From the outside to the inside;

(b) integral decompostion
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