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Effect of substrate on Ni60A-WC laser cladding coatings

LIU Fa-lan, ZHAO Shu-sen, GAO Wen-yan, ZHOU Chun-yang, WANG Yi-bo, LIN Xue-chun

(Laboratory of All-Solid-State Laser Sources, Institude of Semiconductors,

Chinese Academy of Scienses, Beijing 100083, China)

Abstract: Ni60A and Ni60A-WC laser cladding coatings were prepared on 304 stainless steel and Q235 carbon steel,
respectively, as well as adding Cr and Cr;C, coatings. The macroscopic morphology, microstructure and elemental
distribution of the coatings were analyzed by optical microscopy (OM), scanning electron microscopy (SEM) and energy
dispersive spectroscopy (EDS). The microhardness of the coatings were tested with microhardness tester. The results
show that the element composition on the substrate can cause the differences of pores and cracks. The pores and cracks of
the coatings on 304 stainless steel (with high contents of Ni and Cr elements) are significantly less than those of the the
coatings on Q235 carbon steel. The thermal conductivity of the substrates have a significant impact on the dilution rate
and performance of the coatings. Because of poor thermal conductivity, the coatings on 304 stainless steel have high
dilution rate, more WC particles decompose and then coarsen the microstructure. The average hardness of Ni60A
+40%WC coating on Q235 substrate up to 1000HV,, attributes to its good thermal conductivity and high cooling rate.
Furthermore, pore free coatings adding with Cr and Cr;C, are obtained.
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Table 2 Experimental technology parameters of laser cladding

PR RS I [ B M R AR S T2, &
JEVERESE T HI S U, O Ni A5 4-WC B 4%
EAEARRFEA R TSR S,

1.1 SREMRFAAE

SRR RV 531 0 304SS AT Q235 B, LRSI A
200 mm X 100 mmX 10 mm, #0578 R MRS E 4
R=3.2, WIHZE 200 ‘C. MEEAEI N Ni6OACK N
45~109 pum)F1 Co % WCCKIE N 15~45 um), JLr
Ni6OA A i 1 Frsl. sEitrh WC &850k 0
T 40% (40, BAA L2503 2 gl

1 Ni60A B AR psY
Table 1 Composition of Ni60A powder (mass fraction, %)

C Cr Fe B Si Ni

0.8 17.0 <8.0 3.5 4.0 Bal.

1.2 KWHEMEE

KH 3KW FABOGS I THOGE A SR, el
WAL T 5 /NS FINLEE NAHIE, SRR,
120 mm [FRAEG R A, 24 15 mm, 5 B EHAA4 5 mm
M RTESCBE . Wy A LA 68 1 T 2k N s, SR
BN, Wis k3 Limin, VUGS, %
) 30%. (EHOCIAE R EANCEARREE, SFT
e FEAKSE M. R QUANT FEG—450 #4474 fi s
1 9OXB-PC 8 AH S Tl T 7 2= Bk T (1) 0 2R e oy
HEAT 90 HT, SR HXD—1000TMS/LCD % St 3 fisf 55 ¢
BEATREREDN, A3 B T2 77 M BERE - 100 pm

Scanning velocity/ Powder feed rate/

Sample No. Powder Substrate 4 - Laser power/W
(mm's ) (g'min ")
1 Ni60A 304SS 6 10 1000
2 Ni60A Q235 6 10 1000
3 Ni60A+40%WC 304SS 2 6 1000
4 Ni60A+40%WC Q235 2 6 1000
5 Ni60A+40%WC+10%Cr 304SS 3 6 1000
6 Ni60A+40%WC+10%Cr;C, 304SS 2 6 700
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1T A i 1~4 1 2 AR TETTE SR B 1(a)
AL, 304SS _EHETE ) Ni6OA 12 R 1 L L < 4L,
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DR WC BURL, WRZFRRE R R(FRRERL N 60%);
ME 1P, Q235 TkiN EAFZE ) Ni60A+40%WC
WIZRINA RS TIL, BS990 T KER WC Rtk

Bl 1 JEER)Z I SEM 2

(B K I/ NRL), WRIZFRRERZR 30%, HEARKE
HHFTR AR A L0, HE i N g2 210
Y G R IATAE L, B2, 304SS LER)ZRH
BAT GRS, Q235 BANAMR b (1) 2 F IHIA7 A5 K
PIAFLARL; WC S5l 40%I, 304SS it F ks
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22 EMEMMNEEREE. SR
2 3 FrHI A 304SS A1 Q235 BN ERE . M
X 3T LLA H, 304SS KSR ARECH 17 W/(mK), Q235
WA S HARECH 60.5 W/(mK), 304SS 134 fE
e, (EMRN LESHEMm N33 304SS B
Ni60A+40%WC ¥R JZ MR 5K, Hbr 5 ZAH I
EM T EY RS, TR 2 b ae.
PO ERIE WC IR TEZREZ CH O

Substrate

Fig. 1 SEM images of cross-sections of laser cladding coatings: (a) Sample 1, Ni60A coating prepared on 304 stainless steel; (b)
Sample 2, Ni60A coating prepared on Q235 carbon steel; (¢) Sample 3, Ni60A+40%WC coating prepared on 304 stainless steel; (d)
Sample 4, Ni60A+40%WC coating prepared on Q235 carbon steel

%3 304SS F1 Q235 GRAN M HLIERE
Table 3 Physical properties of 304 stainless steel and carbon steel Q235

Thermal conductivity/

Material (WmK Tensile strength/MPa Yield strength/MPa Elongation/% Melting point/'C
m-
304SS 17 =520 =205 =40 1440
Q235 60.5 375-460 235 =26 1545
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DAL, TR Dt R C T O & AT LU 2
T AL

4 Tyl 304SS FIl Q235 WRAN Ay . M 4
Al LLEF], 304SS A1 Q235 BRANAE A i KX 5
2 304SS A KR Cr M NG JC2, BT 92047
T4, 304SS XA NiGOA+40%WC 1R JEMiBe %A,
EEMT Cr TEY HERWRZ R SIRZ T C 46 %
JAEACY, BRRERZ T C fr i, B CO Ml CO, <
IR, NI D IRZ T R fL. BRI, 304SS #ie
FRER I EA AL, T Q235 BRI IR = AF
EREM AL

F 4 304SS F Q235 WANHI Y

Table 4 Composition of 304 stainless steel and carbon steel
Q235 (mass fraction, %)

Material C Cr Ni Si
304SS <0.08 17-19 8-12 <0.1
Q235 0.14-0.22 0 0 <03

Material Mn P S Fe
304SS <2 <0.05 <0.03 Bal.
Q235 0.3-0.65  <0.045 <0.05 Bal.

WO R IZ G EE SN E K, Wk
Yo7 e — AN A R R, A VI R P
SRR ZE A RN ), IR R TR
FE N ARISRBEAR BRI, #5782 I, R AL
VNSRS Sk U S T e e o DN T 2
Han . MWK 4 WTLUER], 304SS " EA RKEM
NiJG#, —J7l, Ni SC&EY B RZ e mn s &4

PR . PRI 2 NI R 2 b
S EAIRLRE I [R], - M AR 72 )2 R 2R SRR
U7, 304SS MR ER A AL PRI
TIRIZRIGUIBIEYE, Ik, 304SS _RERIZE R B
HRL, 1M Q235 WA IR JZ A (E K R 3L

2.3 B R BHLFAR 28RN

Kl 2 iR RS 1R 2 TR X3 SEM 5.
M 2(a) AT WL, 304SS K TH Ni JE45 441 USSR,
(LI b A SR RO AN A IR A, 2R
FLK, Horp B EPRIR %, JUSTAE 5~10 pm 2
B, AR EAE 15% 4. WK 20)aT L, Q235
AN Ni 5 S ASUREIL R EE Lo fis
SR T RURL AT B HUIRAR, AHZ340 /N Q235 HicdN
RINMBOCIEERZALZRA, JR N E PO ERIER
MR LTSy INFAEEZ 0. 304SS 5
Q235 HAAH L, 304SS [ FHRE B 2, 1 BUE N
(V> FITHFE AN, AN ARt A ) R AT A B8 PR B )

B2 JEEWREHIN T SEM %
Fig. 2 SEM images of cross-sections of laser cladding
coatings: (a) Sample 1, Ni60A coating prepared on 304
stainless steel; (b) Sample 2, Ni60A coating prepared on Q235

carbon steel
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%5 FH NI 2 R 304SS Fl Q235 AR IS 2
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HBORPRL 4. D X FEICHEGEZE Cr B, LD
HIF Fe. Ni fll C 45, Uil AR MRS,
FESh 1 WEEM 5L Cr e %, B, B2 ARk
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Table 5 Chemical compositions of main elements in different

areas of samples 1 and 2 shown in Fig. 2

Sample Mass fraction/%
Area

No. Fe Ni Cr B Si C Mn
A 311 140 8220 9.87 - 073 2.69

1 B 422 8562 837 - 178 - -
C 9.07 7474 983 - 471 - 165
D 211 926 78.13 803 04 0.7 137

2 E - 8510 892 - 599 - -

F - 90.09 991 - - - -

Bl 3 B AfEdh 3 A4 R k) SEM &, M
Kl 3(a) T WL, 7E 304SS XS 1) NibOA+40%WC 754
LR AEAR th H X FEJE b A 56 30 K it WC 5t
LR SN PR 1 ERE R i, SR L8 O R iR )=
AR ELI 50% /047 . AFE 6 RT3 0T 45 R T I,
i H X [ E BTG & A 36.90%Fe Fl 56.43%Ni,
P G XIS REM W IGER, U WC 2 ifr W
JC# 5 Fe. Niv Cr JEUIBRACA I 51 53 A AR 2 i)
y-(Fes N[ F, HAILRT R o B0 WL, %
WEH WC kit % . MK 3y L, 75 Q235 fik
A8 ) NibOA+40%WC A S AL SUR M (A J 3
Ji& B AT B A HE AR WC BRI B ZS IR AN 4R
A, b U AN R AR 0T 30% /40
A, BB TR 3 T R T AR, AR
6 MIRETE AT SR v WL, FRZSIRFISOIR A W T
FramEis 62.27%(iE 040, Fe. Ni il Cr JGHEY
HRAR TR 3 X, UOHIRE S 4 T WC Btk
(o fRAERE & 3 ik b, R 3 ¥R ZEH T Cr o &Ry
Him, (2T WC BRI 2. K 4 WRIZ T T Cr
b, WC BRI = A C T REABIE U5
M5 23S AR TR = AR, RAS Bt T T 1k

SALOLE 1(d)).

el Y it
re A -._" e
B3 A2 SEM 12
Fig. 3 SEM images of cross-sections of laser cladding
coatings: (a) Samples 3, Ni60A+40%WC coating prepared on
304 stainless steel; (b) Samples 4, Ni60A+40%WC coating

prepared on Q235 carbon steel

FTo B3RS 3 R4 AR BT HES =
Table 6 Chemical compositions of main elements in different

areas of samples 3 and 4 shown in Fig. 3

Sample Mass fraction/%
Area
No. Fe Ni Cr w Si C
3 G 29.08 2198 1541 32,18 — 1.34
H 3694 5643 - - 462 1091
4 I 7.82 18.09 1043 6227 — 1.38
J 2953 6226 - - 39 131

2.4 Cr # Cr;C, I & B LR

2 BRI, HA b Cr JCZIB NIRE e 25
HRIZM AL, Fedk, XafE—2H5T Ni60A+40%WC
BN 10%F8) Cr F1 CrsCo( WL 36 2 FRE S, 5 F11 6),
HBHOES w4 F105 fis. AWE 4@l W,
B 10%Cr IR 236 T8 <AL, (AR 2R L&
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Element w/% x/%
C 130 9.57
Fe  11.87 18.83
Ni 13.97 21.09 Bl 4 FEh S B
W 6025 29.04

Cr 12.61 2148 Fig. 4 SEM images of cross-sections of
Ni Sample 5: (a) Low magnification; (b) High
- magnification; (c¢) Energy spectrum of K area
shown in (b)
C Cr Fe
0 i I2 I3 4 5 6 7 § 9

Substrate
(C) Element  w/%  x/% (d) Element  w/%  x/%
C 329 1528 Ni Fe 2095 2066
Fe 1376 1374 1 Ni 6823 6398
Ni 1027 975 Si 434 851
Cr W W 2160 655 Cr 647 685
Cr 4913 5269
Mn 195 198
Cr
Ni
C
Fe|
Si
k Jk Cr FeCoNi
1 > SN AL
0 1 0 1 2 3 4 5 6 7 8 9

E/keV
B 5 FEN 6 #REIEN
Fig. 5 SEM images of cross-sections of Sample 6: (a) Low magnification; (b) High magnification; (c) Energy spectrum of M area

shown in (b); (d) Energy spectrum of N area shown in (b)
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R, B 5(c) (AT X AN X Ik 1 g
T . W S(e)rT W, R AHCRYIPT S GRS
4 49.13%Cr. 21.60%W. 13.76Fe. 10.27Ni. 3.29C
A 1.95Mn(ii 5340, Hh&ARKER Cr, #HEWZ
Bt am. IWE 6(drT L, Kt N X EEIGE &
Ni, Ui Ni BRIk, L s T KE 1) Fe Fizb
B Cr. Sie CrsCy WIIIAARER] LAFIHIRZ < fL
M=, HTHASGHREH C Jar Bk ] L]
WC FURL ¥ 7 fif -

2.5 EMBMIARIERESME

Kl 6 Tk WC 2y 40% I AN [ 3 dt Hid 248
T AT Le i 2k . B 6 TLLE 2], FEM K1Y
T E 4 200 HVo,, 7E Q235 Febr By I T30l B i
i 1000HV 5, &A1) S fiFs 304SS HEpf iR Z 11
IHETE R 600HV 0, FEIEM1) 3 £iF, W4 TH A 2248
Ko PR 22 0 ORI 3 2 JR R 2 304SS 13 # e
5 Q235 WAz, RBURIEMBEERR, AT
FIBNRIZHMRZERE, WC R fZ, XM
Bl 1(c)fi(d)yrT LB E 2], B 1(d)H i WC H0RL I &
ZFW 1), T WC BT 78 )2 A 2 1) 32 Bl

1400

1200 |-

0.2

> 1000 -

800 -

600 -
Ni60A+40%WC coating

Microhardness, HV,

400

200 "—Sample 3 (304SS substrate)
*—Sample 4 (Q235 substrate)

0 L 1 L
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Distance from interface/mm

6 Rl 3 R4 Rk e e pth £

Fig. 6 Microhardness comparisonof samples 3 and 4
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RS 6 FPP-YIRERE IE 900HV o, SFEM: 4 424
VSN 10%Cr FFF b 5 B~ B2 2k 600HV o HAFAEA
SRR AL B RARTFES 6 1, X EZRHT
Cr PIIIANAELRZ (¥ WC R i, R, n
Cr [IFE i T P 3G

1100 -

900 -

700 -

500

Microhardness, HV

Coating Substrate

3007w —Sample 5 (with 10% Cr)
e—Sample 6 (with 10% Cr;C,)
1 1 1

100
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Fig. 7 Microhardness comparison of samples 5 and 6
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