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In Situ Synthesized NbC Particulate Reinforced Ni-Based Composite
Coatings by Laser Cladding

NIU Xin, CHAO Ming-ju, WANG Wen-li, YUAN Bin, LIANG Er-jun

(Department of Physics & Key Laboratory of Material Physics of Ministry of Education,
Zhengzhou University , Zhengzhou, Henan 450052, China)

Abstract Laser cladding is the one of the efficient methods for the surface hardening and modifying of metal
material. Using this technology, NbC particulate reinforced Ni-based composite coating has been successfully in situ
synthesized on steel A3 substrate by prior to pasting. The microstructure observation and hardness test on the cross-
section of the laser clad layer were performed. And that X-ray diffraction (XRD) analysis and tribotesting on the
surface of the coatings were also accomplished. The microstructural and metallographic analyses by a scanning
electron microscope (SEM), energy-dispersive spectrometer (EDS) and X-ray diffractometer reveal that the coating
epitaxial growing from the substrate with excellent bonding between the coating and substrate is ensured by the
strong metallurgical interface and suggest the presence of the in situ synthesized NbC particles in the clad layer.
These NbC particles together with the carbide dendrites present as reinforcements of the composite coatings and are
homogenously dispread in the y(Ni Fe) matrix. The experimental results show that the composite coating gives high
average hardness of HV, ;1200 and excellent wear resistance, which is 2. 5 times as high as that of pure Ni60
coatings. The improvement of wear resistance is due to the presence of the substantive in situ synthesized NbC
particles and their homogenous distribution in the coatings.
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BOEE &R ER Z MR m i —
TWEREEA, BRI 480 =R E  REHEM
W& B R L R e R R R B R
REAHEZS 6, K KRR TH R R E R, RA R
ERETRIS, PR R 4R B R A M RHE 1
B AT 2] 43 R S OB 3Y 5R 4 R B A MR
JEALHT BRI SR & B B E A h k. JEALT H B0k
HeoR 4B B2 A AR I3 R A R 4 SR B AL
BB KK %R EM, Bk, MRARE LS
o, 5 RERREELT, BT SEEAMHAEAR
W Ie) R, HLA T 456 08 B, WG 3R DUR 4 /N 3 A 3
U, HREIFREEZ R Ti, W, Zr, Mo K1k
Yy WY B AR

Bk g (NDC) g 37 A, A X 2% BE 8. 47, B
g B >235 GPa(>>2400 kg/mm?), L N & 05,
oMk A & 338000 N/mm’, # B K R K
6.65 X107 /K, A TR RILER FRER AR . B
FNbCHEER BAE . REERRT  BHRHEER
SRR ERE R EEEENHR ., A
P Ni60+ (Nb, O;s +C) & & 1B & 8 K R & B K,
SRR 7E A3 N B T R A4 B NbC i
BIGRMBEEEAERE.

2 SCHAHRL T I

2.1 XBHH

SLH A B A3 B, HALZ B4 (R & 4 3
(w)) H:w(C) = 0.14 ~ 0.22,w(Si) = 0,12 ~
0. 30,w(Mn) = 0., 40 ~ 0. 65,w(P) < 0, 045,w(S)
< 0.055, HAH Fe, i H R F100 mm X 35 mm X
20 mm , SE 56 /7R 5 IR BT AP 4R AT B OF N R
YET¥. WEB KR Ni60+ (Nb,Os +C) & 4 8
Ko Ni60 ¥R BT IR 1 B, B —150~ 4320
H ;Nb, Os 4l fif > 98% , i E <45 pm; C R 43 ¥4l
WG BB, 4R 99. 85 %, BLEE<C35 pm.,

F1 N0 SEHRES (RESH)
Table 1 Composition of Ni60 alloy (w)

Element C Si B Cr Fe Ni
w 0.8~1.0 3.5~5.5 3~4.5 16 <10 Bal

2.2 EBA®
(Nb, Os +C) # AR T 38 S 19 BE /R BE #E 47 B

i
Nb,O; +7C=2NbC+5CO 4

SEH B Ni60 + (Nb,O;s +C) 4 B K
(Nb,Os + O Wy I A & (JE & 4+ %0 47 5l 10%,
159 20% . ¥ 4% Lo 9 BC 47 19 & & 8 R 7E QM-
ISPO4 fTEREN T EN S, MR G HWIWIBHE
BAARRHNRERNTREFE T RN L, W
WEREEARL S mm, EESHF AR THS hil |,

SEE6 6 #R S TJ-HL-5000 1 i 3% 22 3 CO,
WotEs, TR b 248, L5 4 £ #5300 mm
) GaAs BRERENHT B REEAFHEMRR
T, B AR B 50 mm, JTH 3 B H2 mm/s, Bt %
AR, 2 kW,1. 4 kW,1.6 kW,1, 8 kWHI2, 0 kW,

BEBREWRARITEE TH# & E, 8
BHEMLE GRS AGBEREM. £ 4XB-TV &
BB Jeol JSM-6700F 47 4 B3 5% (SEM) T W
BRYALR, A HHE BB+ Inca Energy fBi%
X CEDS) #1 45% 68 1% 45 7 B 3% , ¥ 17 B4 40 M. 76
HXD-1000 {2 7 5% BF 1% b 3 & 34 58 &, Al A D/
MAX-3B ZIFEHE X 5 & 7 3 (XRD) 73 73R Z 1Y
MM, EEESCHTE MRH-3 & #3 HB HR SE R Hl
E#HFTF., ERAAENL2 mmX12 mm X 19 mmk, BB
B EE R A12 mm X 19 mm, TR KR
IR (GCr15) , B iF HRC60. 5, BB SR K.
¥ Zh 3 B 54. 07 m/min, # £2 B 8] 900 s, B [6] £
300 N, RRERLHEBEHEIERE. ERHIHRT
OO, 1 m B EEER 5 R &, TR EEE
PRE,

3 SEREIR K

3.1 BREERER

X (Nb,Os + C) fin A & (Ji & 43 %0 47 51 R
10% ,15% 1 20% M4 MR, FEROIE T R 5 518
1.2 kW,1.4 kW, 1.6 kW, 1.8 kW 2. 0 kW T #
THREMZEEEBOUSE, W EZERE. W=
i (Nb, Os +C) Il A & 938 £ 43 B X A 5t BB %
GERFH Y w(Nb,Os +C) i A& 15% i, NbC
W H B W3 I R T IS B B R EIGIE TP
BB, PHEERR. 4 wNb,Os+OMARER
2000} IBBEEEHREE , REEHAME, LKEEHR
W, X SR AT T B 1% FAE BE W &, X w(Nb, 05 +C)
AR 15%, BOETh 31, 4 kWi, 7] 3K 18 = 1 %
S G B B IR AL R NbC BRI A E 2
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3.2 EBRER

B 1(a), (b), Co) 43 5 o 76 ¥ Ot 4 i o) 3
1.4 kW, H#HEE2 mm/s &4 T, R E Nis0+
BESE AN 15% (Nb,Os + O B LMK B ZEK
oA LA EaES. HE (@R,
ERRMRERGFE-RENFEBEEEH R
BEZA30pm) , 1R 2 I 4 42 3 2 1) R T O [ RRALE
Sk TR O 1) AR K B RS A 45 4, ELAE LR SR B4y
HARKENE GBI 2R Z AR 1(b), H
HAWFBRIERRW B MEEW, BA K &
7 LR —J5 1, A% R R AR 7E KB i B AR 78
WELMWE 1), MEREHABEREMEK,

BEAFNA Y., B 1(DAREFHHRER
5315 (200X B IR A H GBURAR I S 70 7

i rz

1 Ni60+[w(Nb, Os +C) =15 % JHIE B E M
A#BERR
(a) JRHB; (b) F&B;(c) E&B; (D) FEBMAE
Fig.1 SEM micrograph of (a) lower, (b) middle , (c¢)
upper and (d) bigger area of middle zone in the
clad layer of Ni60+[w(Nb, O; +C)=15%]

H T 7RI MR I R G =K, BEE R R
B/ BE B E S LA M LR TE B R Rl A R Ak
TE PR A= 7 AR — )2 T & BEE &/ W5 T
i e BE, GE T/ » REHTIE K, G/ R , B B 4

LB BE AWM REZER I EMRETY, ATE
Ni60 &4 &K # A (Nb, Os +C) # K , W%%%
MR B By BA T 224k, 7T 66 S BT H M TE A
A e 2 T 3 A gt

B 2 RZAFEEEZE PN X ET%"‘BTEP%,
Y5TE Z MM B £ 8 NiFe, NbC, Cr;C, Crs Si; C
%, Hh NbC AR , RAEREZ A NbC M
I,

5 120 + -NbC
£ 1001 . -NiFe
Z 804 -Cr,C
z v -CrSi,C
g 607
2w “}kw
Z 20 W “Aw
~
5 O_MM l WWW
30 70 80

29/( )

B 2 Ni60+[w(Nb,Os +O =15 % I REIZH
X S AT 5 B i
Fig. 2 X-ray diffraction spectra of the clad layer of
Ni60+[w(Nb, Os +C)=15%]

B 3 ARETHMEAREER, HA4 F =
G =R - BB R BURA GHIR VB TE B LRI
R A (IR AR A AR K @A . B 3(b),
() (d), (e, (D FI(g) 3 5 A X =Ff 41 1 BB 3 7 BT
B (A3 BN T 3Ca) i a 1,2,3,4,5 F1 6),
R2EX=ZFHEBBRERS TSR, WE 3(b),
(o), (dDFZFR 2 /A, HEME 3P 1,2 #13)
HES Nb i C, 456 & 2, o] AW B 580k AH Bk
NbC, Hy eIt T i R S 384 . B 3(e) TR
2 ﬁ%ﬂ HREMHFEF Cr fil Fe,—E &M C 1 Ni,

A8 2, E N R Se 3t BT iR Cr,C, Hd Cr
Jﬁ?ﬂ%ﬁﬁﬂﬁﬁ Ni & Fe JR FE#. HE 3(D,(@
MR 2O A, REMRKAHTEE Ni,Fe, 555 B
2,'E R R y(NiFe) B, 1R 2 14k,

x2 gERSTAHN(RESTB)
Table 2 Composition related to Fig. 3 by EDS investigation (w)

Cc Si Cr Fe Ni Nb Total
Spectrum 1 21.14 0.01 2.64 3.50 7.80 64.91 100. 00
Spectrum 2 14.94 0.17 2.43 2.09 3.23 77.14 100. 00
Spectrum 3 13.18 0. 26 3.44 2.29 4.50 76.33 100. 00
Spectrum 4 7.35 57.44 25.26 9.95 100. 00
Spectrum 5 4.20 2.13 4.11 26. 84 62.29 0.43 100. 00
Spectrum 6 1.31 4.66 3.80 26.41 63. 41 0.42 100. 00
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Bl 3 (a) Ni60+[w(Nb,Os +C)=15% IFEE P HEAMBEFEBR K (b, ¢, d> e [, XNLRK EDS i
Fig. 3 (a) Typical SEM micrograph of the Ni60+ [ w(Nb, Qs +C) =15% ] coatings and
(b, ¢, ds e, f, g) corresponding EDS spectra

% b TR ,Ni60+ [w(Nb,Os +C) =15 % 18t
BRBHLE N EILHEIE K Cr, Fe WY E R
5 AL AH AR A7 A B NbC UL 36 3% A 4 AR 7E v
(NiFe) B, 3F HIF AL A 4 1 NbC B 7E % N5
BEBSAYS., K& NbC Bk iy B H 5 &
Wi BRI, RRIEE TS RIESR, E
BREHABI NS4,

3.3 BREE

B 4 45T HERMA3 N, RIFHE LS 54T
- oy o

B 4 Ni60+[w(Nb, Os +C)=15% JiA #EHE B\
HEERRA
A (@) B(D R A EH JEE BRI

Fig. 4 TImpressions made by a Vicker' s micro-hardness

tester on the substrate, bottom, center and upper
region of the cross-section of Ni60~+ [ w(Nb;Os +
C)=15%] coatings from (a) to (d), respectively

PEAT 4 BC 5 R8BI R AR T L R R
A, NEFRUEHR, BB ZIRI P IBATIE
ERRTEA-H . ZABEEZNERER IS,
& 5 8 Ni60+[w(Nb,Os +C) =15 % [ EW E R
FRKNEESAHL. BREBEZRIT, B TRHRE
HAPAERA A4 NbC i H 4 50k 1S 558 48 1Y 37 4
T 1, [ i 3 S 4 R 5 [ L A2 A5 0 R L 40 /)
¥Wa L, W%k EEE R &N EBE )RR 840
AR5, 18— MR 7E HV,.;1000~1300 2 & (F¥
R h HV, 512000, MEEER T QRE/ZEM K
BEER . A TEM N RENHRBRER, BILEE
B EZRB R EEMERE,
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Bl 5 Ni60+[w(Nb,O; +CO)=15% EE E B M
158 5 43 70 i 2

Fig. 5 Microhardness distribution in the cross-section of

Ni60+[ w(Nb, Os +C) =15%] coatings
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3.4 EEXR

6 RAERM 300 N, KEHE . FTEESHE
T, Ni60 %78 )2 F Ni60~+ [w(Nb,Os +C) =15%]
BRBPWERBRAE, N\EFTITLIED, 5 Ni6o
BEBZMI,NBC /NI B BEZW M EBEERST 1.5
f&. B 7 (b) 45 & Ni6o B EE S5 FA A4
NbC/Ni 5B EWEEREEHRE . Ni6o IFEZE
BREEA RN, NRAETERE R LA
IR B B B 9 04 R 8 A0 22 BIDRE RV 00 B B T DR
fi B4 NbC/Ni J5H 2 W EER AR 6, TH
B RIE MR E R, A RN %, R E R
ARSI ERERORES. AR,
NbC/Ni % 2 B A1 B £ # NbC FUbL i 58 41 2 H
MEERURKRSHXEER., RARSGEE
B~ R B — B AR A BB SR AL AR B NbC fB0kL
WIRAM M FTE, FIR B BA R & R E , X B A%
PARXE DLR BOEA TR AR B B, BRI SR
NEBHWBRHRE, U TRENERREIEEE
HLRRE TR, AN REAR NN B, RT
HERHRPER G, B TREEERIE H ™
A GRS YR B T e, IR T OB 6 78 NbC /
Ni EEWRERALE R OILT N EEBH RS .

Mass loss /mg

Ni60 Ni60+{w(Nb,O+C)= 15%]

K6 EHERAE

Fig. 6 Wear and tear mass loss of the specimens

(a) Ni 60 " (b) Ni6O+[w(Nb,0+C)= 15%]

B 7 BEHREBH

Fig. 7 Worn pattern of the specimens

4 g B

1) LKA Ni60+[w(Nb,O; +C)=15% &
S WA AT LIRS AL B (4R BRAL P SR AL ARD R
fiL B 4E NbC Bk WE B E GWRE, B A4
NbC BB TER B afmls., BWEEZBIPESH
REE.

2) A B4 NbC b R R BB EZRA
T B CRIREBE 32X HY,, 51200) , 5 45 Ni60 578 2
AL, T BE PR 1.5 5. WEP RS B4R NbC
SO 1 SR A R T S DL R KRR R R

3) Ni60+[w(Nb,Os +C)=15% | 15 E =
FILH 400 Se 3t S AT B Cr, Fe BOBRAL 9 BR 584k
AHFN R A B NbC UKL 3% 58 4H 43 75 72 ¥ (NiFe)
Fefkrp,

s % X &

1 Xiaolei Wu. Rapidly solidified nonequilibrium microstructure
and phase transformation of laser-synthesized iron-based alloy
coating [J]. Surface and Coatings Technology, 1999, 115(2-
3):153~162

2 Sun Ronglu, Liu Yong, Yang Dezhuang, Microstructure and
tribological properties of NiCrBSi-TiC laser clad layer on
titanium alloy substrate [J]. Chinese J. Lasers, 2003, 30(7);
659~662
HER, N B BEE. KEESRTEOLEE NiCrBS-TIC &
BRHRBERASMEBREERERLII] + Bk, 2003, 30(7);
659~662

3 D. W. Zeng, C. S. Xie, M. Q. Wang. In situ synthesis and
characterization of Fe,/Cu composite coating on SAE 1045
carbon steel by laser cladding [ J]. Materials Science and
Engineering , 2003, A344(1-2) ;357~364

4 Zhang Qingmao, He Jinjiang, Liu Wenjin e al.. Microstructure
characteristics of ZrC-reinforced composite coating produced by
laser cladding [J]. Surface and Coatings Technology, 2003,
162(2-3) :140~146

5 Si Songhua, Yuan Xiaomin, He Yizhu et al.. Microstructures
and properties of laser clad Ni-based metal-ceramics layers [J].
Chinese J. Lasers, 2002, A29(8):759~762
WRE, RREBL.AEN £ BB BERESCERRERERNA
SERERFEL)]. b Bk, 2002, A29(8).759~762

6 Ma Ying, Hao Yuan, Kou Shengzhong et al.. Fabrication
methods of metal matrix composites in-situ [ J]. Materials
Review, 2002, 16(12):23~26
g F.8 E.mAER % ENAEMESREEASMHMN
W&FTHBOID. A, 2002, 16(12):23~26

7 Tian Nailiang, Du Rongjian, Zhou Changchi. Study on stress
status of WC doped Ni-based alloy by laser cladding [ JJ.
Chinese J. Lasers, 2004, 31(4) :505~508
BT, fRE, AER. BOLBERMRASRHEESEN N
REHIEI]. + @k, 2004, 31(4):505~508

8 Wu Ping, Jiang Enyong, Zhou Changchi et al.. Microstructure
and properties of Ni/WC composite coating prepared by laser
cladding [J]. Chinese J. Lasers, 2003, 30(4):357~360
R M.EBRAKEABR F BOLEE N/WCEEBREHAH
AERELI]. + Esck, 2003, 30(4):357~360



992 2l 55|

W

)t 33 %

10

11

12

13

14

Liu Xiubo,
temperature oxidation properties of laser clad metallic silicide

Wang Huaming. Study on wear and high
composite coatings on TiAl intermetallic alloy [J]. Chinese J.
Lasers, 2005, 32(8):1143~1149

MNFE, EEW. TIAIGEBBRBEEBRELYESHBRE
i BB P A IR AL M REBT SR ]. Bk, 2005, 32(8).:1143
~1149

Sen Yang, Na Chen, Wenjin Liu et al.. Fabrication of nickel
composite coatings reinforced with TiC particles by laser
cladding [J]. Surface and Coatings Technology, 2004, 183
254~260

Le Zhiqiang, Bo Shengmin, Wang Guangjian. Handbook of
Fine Inorganic Compounds [ M]. Beijing: Chemistry Industry
Press, 2001, 862~863

SER.EER.EXE F4. THABALERFERIMI &
ATk B AR, 2001, 862~863

Zhou Juqiu, Huang Lieru, Tan Rishan & al.. Production and
applications of TaC & NbC in China [J]. Rare Metal Materials
and Engineering , 1998, 27(1) :26~31

B, EFW, BB & % PEA.EmRAY M E=NHE
(0. %A &AL T8, 1998, 27(1).26~31

Li Shunpu, Zhao Deqgian, Chen Xichen. Character of nucleation
and branching of strengthening phase in Ni-NbC alloys [J].
Acta Metallurgica Sinica, 1995, 31(9) :405~410

2R AR, B, BREEER. Ni-NbC &4 FRBAMNIEZ 54X
mlll. &%, 1995, 31(9):405~410

Dong Zhizhong, Liu Wenxi, Chen Jinming e al. . Effect of NbC
precipitation on microstructure and shape memory recovery of

15

16

17

18

19

FeMnSiCrNi shape memory alloy [J]. Rare Metal Materials
and Engineering , 2003, 32(11):927~929

HIBH, XX, Brads %. NbC X FeMnSiCrNi 4 & 44 5id
ZPERE )], AA S BMHE T2, 2003, 32(11) 927~
929

R. Vilar, Laser cladding [J]. The International Journal of
Powder Metallurgy, 2001, 37(2).:31,34~48

Xinlin Wang, Shihong Shi, Qiguang Zheng. Wear resistance of
laser cladding and plasma spray welding layer on stainless steel
surface [J]. Chin. Opt. Lett. , 2004, 2(3):151~153

Li Qiang, Wang Fuchi, Lei Tingquan et al.. Microstructures
and friction and wear properties of laser clad NiCrBSiC alloy
[J]. Chinese J. Nonferrous Matals, 1998, 8(2):201~205

Z B, EER.FENF. BOLERE NiCrBSiCALMHAR
REBEEEFREL] T EA &2 B %R, 1998, 8(2).201~
205

Niu Xin, Chao Mingju, Zhou Xiaowei et al.. Research on in-
situ synthesis of B;C particulate reinforced Ni-based composite
coatings by laser cladding [J]. Chinese J. Lasers, 2005, 32
(11):1583~1588

4 BRI, AR F. POLBEE R4 B BC BUOR R
REZQWRBENTRII] + EH#k, 2005, 32(11): 1583~
1588

Chao Mingju, Liang Erjun, Zhao Dong. Effect of TiO; on the
laser cladding layers of Ni based alloy on 45# steel [J]. Chinese
J. Lasers, 2003,30(10):947~952

A%, B F X . TiO; X A5 METMHEEEERES
£rmll]. FE#E, 2003, 30(10):947~952



