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Microstructure and Wear Property of TiC Particle Reinforced
Composite Coatings on H13 Steel Surface by Laser in-situ Synthesis
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Abstract In-situ TiC particle reinforce composite coating is synthesized on H13 steel surface by laser cladding technique.
The phase composition, microstructure, friction and wear behavior and Vickers hardness of composite coating are analyzed
using X-ray diffraction (XRD), energy dispersive spectrometer ( EDS), optical microscopy (OM), scanning electron
microscopy (SEM), wear testing machine and Vickers hardness gage. The results show that the laser cladding composite
coating is mainly composed of TiC, Cr;C; and Fe-Cr phases under the molar ratio of Ti to Cr;C, of 2.44:1 condition. The
content of Cr; C; phase in coating increases under the molar ratio Ti to Cr;C, of 2:1 condition, while (Cr, Fe);C; phase is
found under the molar ratio Ti to Cr;C, of 2:2.33 condition. SEM and EDS analysis indicate that the microstructure of TiC
phase gradually changes from ball shape to lamellar with the increasing of laser power density. The cladding coating surface
macro morphology is good and no pores or cracks under the molar ratio Ti to Cr;C, of 2:2. 33 and the laser power
density 24.38 kW « cm ™ * condition. The highest average Vickers hardness of the laser cladding composite coating is
931.9 HV,.,, which is about 2. 21 times higher than that of the H13 steel substrate. The lowest wear weight loss of
the composite coating is only 27.2 % of the substrate.

Key words laser technique; laser cladding; in-situ synthesis; composite coatings; friction and wear behavior;
microstructure

OCIS codes 160.3900; 240.6700; 310.1515

rFS B HA: 2014-03-20; Y EIME TR HHEA: 2014-05-15
E&TH: BEERRHSE (61368003)
EE® v Wb 81988 & W LA A . EEMNFHBOG AR R MM W9 5% . E-mail: yskunming@ gmail. com
S E A XU (1972 I 4 204, 32 0 DA s - o SRR IO SRR T o S D T I AR
E-mail: piiiliuhx@sina. comGEEE R A

1003004-1



# ot

1 g a5

WOLIEE HORIE T RS kA B vpifi 3]
Tl AR ol AR 18 SR B S S SR R R 1 R
GO N PR 5 DRI S S W S S RS T o
I 55 RIS B VR T 02 I T 4% Fh 5 SR 2, G L 2
R AT PR . F YR 25 3 T IR 7 IR A5 2ot A v
AN BT 7R 52 Ve TS AR L o AT AR T L R T B ) AR
JE A0 v T SR R R 5 ST O 88 B BUBR L R A R
KA,

ARk s SR O A 2 T e M e 4 e R P K
BAWIE IR R H13 4K 3% FF VRS 5% i i F
ROHDUMGE. HRAEY RE 7 kW &%
CO. WOLARTE HI3 By R il #5 1 H13-TiC & &k
2RI BRI RE FE A T 2 A% i RE B T
3.5 M [AIEF 72 600 C il & R EL M B AF i AR
P, Zhang'" 7F H13 4 R R MOCIEE T Fe
+VC KR, RIH % 1 VC BORLIE 38 Fe 8 5%
JEV X R B 5 A, W T B
FF . Lee SFW1 T3 5 0 10 85 1% 40 48 e A5
PRI IRE 2 5 B2 00 3% 10 R AT 200 WOk
Ot H13 R MK % T Fe-Ni-Cr ik
2k BREAGOE B 38 4 i 4 R L B 3 S ]
PR T B S 0 2Bk AL . Fe-Ni-Cr By Uk ok L 35675 3
TG U )2 5 28 B R B T AR 0 B2 B 1
T B o MY 2.1 £, Jiang S0 43 B EOG %
BT 20%.40% .80 % (BEJR 43 50 TiC 5 HI13 1Yk
BB A E A HIHT R RS TIC 4 2 2 BBk .
R AEIRR AR SR . 24 TiC WY EEIR 438k 40 %
BF o A AL 2 AE V3K ol i 0 v 2 B0 A0 00 R O T ke
PERE . (HIX LW 5T 24 T B — 1R J2 R0 AN N i ' A
BB URIZ T HI3 B3%E A AR N IR A% o 72
HR 25 00 B — U 2 A ) R A R R
R TR S T e P AT A R i — 2D B . (R B Ah R
WOk 5y 77 A AL RN R BRI fE . BRT  OG I
JRAr B A B8 A TR )2 B L O AR SR W BIF AR R
mite,

YT, LA Cry Gy 3 F00 T A Ry 5 3 b R, AR S
R HIBOCHIE B R AE H13 4RV 4 3 AT P ER B 3% Tl
JE A il £ T TiC R R I B R R AIRIE . T
PR R AE A [R) 9 02 1) it BG4 e B R 2 1
WUE S A A 2, 9 T iR 2 TiC & i o 45
FA AR BE BOC T R % B AR S R IR T E A
WIEH RN A A TiC I LR,

2 RXE Tk
2.1 REHE
HF Ti 5 Cr,C, B F LS4TI0 F R R

2Ti + Cr;C,=2TiC + 3Cr, (D
FRAE Py 2 153 e ey gkl e
AG = AH —TAS. (2)

A AH AN KEAS L AS A2 R B A L AG
oAb E RN A A B RE . T O RO L2 AG <
O B s SN 1) A7 (R AT B o R R 1 5 R &R A i
REREAR A 5 AT o 32 RN 9 5 A 357 I Eh BE Bl S (]
754k (HSC Chemistry #1845 R an &l 1
K. ATLAE HL. Ti 1 Cr,C, 2 B35 A i B i fig
AG0, R RXIIEE T Ti 5 CryC, b2 RN
Al A g TiC,

M(DORATFH .2 mol Ti A1 5 1 mol Cr,C, 58
SN . B A R BB IO AR AR T AR e e AP
FH 75 155 ) 2% 5 5 BRI, 0 Ry R 4 ke A e i 5
R Ny AU 15 O o Sk W S O I B e A A
RIS L o BEH = Aok R R A3 e b — 41 Ti
R R, — 4 Ti B S Cr,Co W5 A9 & et
I, — 4 Cr; G W 0 & b b o & o) 182 3 %
Ti:Cry CEEIR KR A 41 2. 4:1,B 41 2:1/1 C
20 2:1.5 HFATECLE .

KR LR b, NBRIE &, 8 Ok is # Ti
M Cr, C, MR A M A 58 2] 54 | A4 TiC Jik:
B A

-140
-160 -

AG /(kJ -mol ™)
L e L

N © @

o O O

u

n

n

n

| | |
DD DD DN
X D
===
T T

0 500 1000 1500 2000 2500 3000 3500
Temperature /K

B 1 TiR Cr, Co SR H 75 A 07 B il EAE 1L
Fig.1 Gibbs energy of the reaction
2Ti+Cr; C,=2TiC+3Cr

2.2 HRHERREEK

I AR Ry H13 PERC 4K, 3 24k
Ay F 4 %0 0. 43 C, 1. 17 Si, 0. 48 Mn,
4.79 Cr,1. 38 Mo,0. 94 V. 4k Fe, PR R
100 mm X 15 mm X 14 mm, 3 1 28 01 B %
F S S5 F TC 7K 2 T 0 P9 I 2 52 3 1 DA 25 BRI ke 3

1003004-2



B9

H13 MR HOL AL A 4 TiC WU 58 52 5 TR J2 B9 HOUL S5 F 08 45 8 40 1 g

HIARAF I 2 0. i B U E MR IE FE T Ky (Sl 2 2R
99.5 Y. KL EE R 75 pm) FI Cr,C, # (4l B K
99. 8% RN 75 pm) .,

KB 0.1 mg 19 #L F R OF 4% 00 L iR
s VIR G Y5 5 A HUR 85 70K HBiE T H13
B R (R )ZIRE AN 1 mm), OGS
A4 T G R CE TR AR 70 CTR 5 h TF .

%2475 GS-TFL 6000 % Z 4% CO, 06
fr LHETT . SEPREOGIEAL A AR SR B T S

R A B RE 925 383 2R B 43 T L Rk 25 O =k
B 8 OGO BE RO A (i S O T2 280 R 5 38
1L VT O T R R A R A R R .
PO T BRI i R ) e R AR 2 1 5 e R L A O
R Bk R RO R IE e T
2L BN 50 mm, JEBER SE 5 mm, @ i G (Al
499.99 YoMl AR ARG 25 L min ', ARN[H
WOET R B R B 1 PR .

F1 WOUBEEZGRZELZZH

Table 1 Experimental parameters of laser cladding composite coating

Molar ratio
Sample number

Laser power

Scanning speed Laser power density

7w/ T1: Cr; C, P /kW V./(mm * min ") P./(kW e« cm?)
Al V,=350 15.68
A2 V, =400 13.72
2. 4411 P, =3.6 )
A3 V, =450 12.19
A4 V,=600 9.14
Bl V,=300 19. 30
B2 V,=350 16.55
2:1 P,=3.8
B3 V=400 14. 48
B4 V,=450 12. 87
Cl V=250 24. 38
C2 V,=300 20. 32
212,33 P,—4.0 )
C3 V,;=350 17.42
C4 V,=400 15. 24
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Fig. 2 Macro-morphologies of composite coatings from different compositional ratio. (a) Sample A1~ A4;

(b) sample B1~B4; (¢) sample C1~C4
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different laser power density
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Fig. 5 Middle region SEM morphologies of composite coatings from different laser power density. (a) Sample Al;
(b) sample Bl; (¢) sample C1
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Table 2 EDS analysis results of composite coating (atom fraction, %)

Sample Al Sample Bl Sample C1
Element
1 2 3 1 3 1 2 3
C 30. 31 41.97 17.65 32.68 8.82 28.12 17. 89 21.15
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