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Table 1 Chemical composition of nickel-based alloy powder and substrate (w/%)

C Si B Cr Fe Ni Mn
Substrate 0.27~0.33 0.17~0.37 0.60~0.90 Bal. 2.75~3.10 0.30~0.60
Powder 0.80 4.00 3.5 15.50 15.0 Bal. 3.00(W)

1 NiCrBSi +Zr B2

Fig.1 Microstructures of NiCrBSi+Zr coating: (a) the whole coating, (b) lower part, (¢c) middle part, and (d) upper part
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Fig.2 XRD pattern of NiCrBSi+Zr composite coating

22 ZrC FHRIMERWFI SRR

WA ZeC B I e 2 RN, ZrO,+3C=
ZrC+2CO(g)T, &ty it 5, ZI7 1 XV
Gibbs [ HAERT S 2B o ST LB R 4. i B
AIH, Y Gibbs H HAELEIR B 2] 1680 CINF 4 4
U, RUZR AT % ERIATAT o NI HACR,
Ui B AE SN R, [RIRE S IOOR S A, BT LI X
IR A G BEAE IR BEAR W IS 0 R EAT, A RedEdE I
(SR AT AT M . WoObKS b R IR &, 2 n] BUA 3]
Ak 2 B I R I E Ak N LW oK o i AR 30 P 4 ) 4,
R FEILR] 1680 CHY, [Nl LAEAT, MM A Bl
ZrC. MHEME R, MEE PRI L F—



555

FEMEAESE : WOLK A AL % ZeC BURLEE 58 0R 2 AT N AE - 1627 +

AR PR A . — e, SR B L 2000 °C,
ZrC AW 25 AT H o 10 ZrC % AR B (~3540 °C),
FTAEA I RE R, ZeC HSENTH, EANTEE S, B
JS i A AT PR AR A

ME 1c il 1d AT LLE L ZeC POk 3 B4 78
A O TR R JE LR PR B A R, LR
BB IR 3 A A R, DR S5 s o i B IR A i o 3
BE SR KIS . ZrC R NE R, AE A
H A K el VA B R A BB T), OV 2
i, ECE RN, TR A A R A ORI
KER I, ZeC (%R 6.59 g/em®, Ni (125 5 U
K 8.9 glem’. (EMEFEILFET, T XV FIE,
2 B )RR IR R BRI ZeC ik g 1
75 b7 ik R b D £ e AR SR AR AN AR . I o 48 S 43
R AR K e ST (O ok, S BCA = Ak T .
BT ZrC J& T NaCl B @Ry, 7w — o\
T . A TR SO ST B R, P e T
Qb PR IORT o 1 EU RO A RS U 23 A AR /D, i HLR R
E TR VAL T Nl 7 U S (S VAR b N T Avas o D
HREZIFK K, i H AR AR A, B LI ROR:
JSFAISHAR /N o ZeC JORIAT 43 A AE p-Ni S APy, {HK
T o AT AE b () 5 3 B IR o X DR A A 5 o
o, AR IR ZeC ORL 2% 5 HERE IR TR R AR A AR

FEWOC S B i R b, ZeC O URL 23 5 ] 18I
RAEMEAEH . WOLRS B R — AN P e[ o
AR O 7 B AR RO B 5), A3 FIC R W
vi=vpeosf, ot BRI WO HIEEE vy, AT
i RO 5 T HEIE JHERE o, 22 [R] R Ay o E 38 I T 4
MR B i A g Y, g Beir 900, Vit ] ST #E 3k LT
h %, HE RIS A KB L A K, il T
SR UHERE s MU HERE, IRERR RS A KR
PO BRI, FEXTRBEREAE R, WAHARRT 45T, b %)
I AL I IR K, BB T A8 HES
W, AR, WA AR, FRERE
WM KM A AR AR S Al v, A5
HEVER R, WAL R A, RIS AR BE IR £ 1 W) AR A 1E
SR B A s J R BT UKL (9 25 FEAR TR], R
R RE 0 FH LA R 5k [ T 5 R 2 TR A BAR LR
SR o3 A AN A B IR o ORI T A AS HAE
SPECT ORI SR IR B, SO HE R TR

B 28 DR UL A2 A o] T AP B 25 A — I 4
RIESE, MG SR S B RO AR A R
P2 B R RS DR S ) B R Y T R
BN IERE TG SR R R, Ok ST AR, A )
BRI o U R VAT R URL AT I T R R R

300F Cr
200

100

400} G
300

200}

1001 shon

& 500fT Ni
£ 300
2 [
£ 100}
1200F
900} 4
600}
300}
80F ' C
“hhchoby M"“M”w ok
o AL, Y
0 4 8 12 16 20 24
Distance/pum

B3 ZeC RIS T 2 0 1 EDS £k 4341
Fig.3 SEM image and EDS line scanning analysis of ZrC

particles area
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Fig.4 Gibbs free energy AGrand formation enthalpy AH; of
ZrO,+3C=ZrC+2CO(g) t reaction as functions of

temperature
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Fig.5 Relationship between scanning speed of laser beam and

advancing liquid-solid interface
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Fig.6 Hardness profile of composite coating
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Fig.7 Indentations on the cross section of coatings: (a) NiCrBSi

coating and (b) NiCrBSi+Zr composite coating
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Behavior Characteristics of In-situ Formed ZrC Particle Reinforcement Composite
Coating by Laser Cladding

Yong Yaowei'?, Zhang Xiang', Fu Wei’, Deng Qilin', Yang Jianguo'
(1. Shanghai Jiao Tong University, Shanghai 200240, China)
(2. Ningxia University, Yinchuan 750021, China)
(3. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Mixed powders of zirconium dioxide and graphite were added into Ni-based alloy powder, and then the ZrC particles reinforced
NiCrBSi composite coating was prepared on mild steel by laser cladding. Microstructure, phase and composition of the NiCrBSi+Zr
composite coating were characterized by scanning electron microscope (SEM), energy dispersive spectrometer (EDS) and X-ray
diffractometer (XRD), respectively. The morphology, formation and growth mechanism and distribution of ZrC reinforcements were
studied, and the hardness of the coating was investigated as well. The results show that ZrC reinforcements are uniformly distributed in the
upper part and the middle part of the coating. The morphologies of ZrC are mainly triangle, quadrilateral similar to rhombus and long-bar
shaped, which is attributed to obstruction from the interdendritic growth, collision and sintering caused by high convection and repulsion
between solid-liquid interface in the molten pool. The hardness of the composite coating is improved by ZrC reinforcements and carbide
such as M»3C¢. Therefore, the hardness (HV ) of the composite coating can reach 7200 MPa.

Key words: in-situ synthesis; zirconium carbide (ZrC); particles phase; formation mechanism
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