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Table 1 Chemical compositions of alloy powders (at%)

Sample No. Ni W Si
1 30 35 35
2 40 30 30
3 50 25 25
4 60 20 20

HEEWB: FHXARFFHES (51375294); L1l BAFIFHE S (12ZR1444500); iR Z 77 sl B /o el H (13160501200);
LW AZAHBE (1222186,14Y2139); i TREH AR K2R E S (2012gp21)
TEEEN: Sok, B, 1988 4°4E, fithAr, g TREHARSAMAE TS, [ 201620, E-mail: ludoulyl@foxmail.com



« 376 ¢ WA SRS T2

i 45 %

SR TETBE AR VT 2500 5 3 2 1 S5 ARt L % £ 45 9 0.98
N, {R7FFE N 15 s. £ CETR-UMT 2 At EE4 BE 4
RIS MLk AT B 15 s 451 0 06 DA SR AT 2% iR 1 BE 45 R 5L
Mize, WIFMMSECN: MEERM U B &,
HAEFEZ) N 17 000 MPa, E 2N 4 mm, HHUIR A 10
Hz, #Ai4 29.4 N, BEEEE 4% 2 mm, BE I [A] 24 60 min.
S 58 5 1 PB4 0.0001 g Y HL RSP RR B EE,
TR SRR 1 R F A

2 HER50M

2.1 AsisrBEHEREN

Ni-W-Si ¥ K& WO G, EANFHI AL 1)
FRBEH TR THSARBANERNERIRE, H
XRD o #rds R 1 k. Hepdhsk 1 UE |,
1 SHEHMMEELE W, WsSis. CrsSiz. CrSi,
J(Fe, Ni), HipZHIHLAWE 2 frox. MWE 2a o]
DUE H, WZE0 20N, HHLRH N5,
T B AL B 2b Fian N A SEE TS
NEWIEME S X EECRKERT, REEE
IR RAT HOL R GFE &4 6. Bib ke E
P T 050 55 5 5 e AT [ T P A/, S5 A XA ZA DA
SPRTHT 170 475 9t PO 3 2 K B R o 32 1Y, T I 2 R
TREE R R, A A KR R, B
AT H IR BURE A R T R & BB IE IR B . AR
Rim SR ETES, WK 2c, 2e. WEE 1
LR I AE R 2B B 57 o B BRLIR o )3 A7 7E K & (19 AR IR 31
ZRRIEFRAL, i 2e.

Kl 3 s iR IE 2~4 AL, & B~D & 2d

s

Alloying Iayer,. L e
Substrate. . . . -

A SR IR 2 Pis. SEE 1L TmgMNEEA
ZUH AR FEAR R FF—5, TR W, WsSizy CrsSis.
CrSip Jz (Fe, NiD. HIEALHRIZIL, LMK, HR
) WsSiz. CrSip. (Fe, Ni) HIEGHIENERZEEEN
SRALAH IS S 3 A T 1R 2 R X R 2 I K B B
RE I RUFMIIESRIER , JEARAZIFEEN CrsSiz & Ni
B AR, W 2. B 3a~3c ATLAE HIRE 1 b
KAL) WiSis. CrSi, & (Fe, Ni) FEIEIR. BUARE &4
TEFEARM B A S EcE, Rk 2~4 T HE
B R AR WL Si & i 1k iz b . B 3c. 3d
4 SRE N R ARN S e R EHN N,
R AR 4H 2 B R0 R R AE O G IR T I
g, W JeEwE B THERK, SMAEEh G m T
TSR DAL H AR IRIR A R WsSiis g b AEFE T
S E S, M E 2 RIRIIHIR (Fe, NiD REVAA.

5000
ow
® Crsi;
4000+ m cs,
A wsi
§ : * Fe, Ni
E‘ 3000
‘»
c
% 2000
= 4
1000 3
2
OF 1
20 40 60 80
24()

1 AEHEE XRD MR 4745
Fig.1 XRD patterns of the laser alloyed Ni-W-Si coatings
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Fig.2 Microstructure of different areas of the cross section of coating 1: (a) cross section, (b) bonding area, (c, d) middle area, and (e)

eutectic structure
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Fig.3 SEM micrographs of the typical cross section of coating 2 (a), 3 (b), 4 (c), and bottom area of coating 4 (d)
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Table 2 EDS results of the matrix in Fig.2d and Fig.3 (at%)

Position Ni w Si Fe Cr
A 21.09 3.27 16.97 46.66 12.01
B 18.19 2.83 9.53 45.05 24.4
c 25.79 6.55 7.23 49.28 11.16
D 25.34 7.29 8.81 47.51 11.04
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Fig.4  Gibbs free energy of the synthesis reactions verse

temperature
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Fig.5 Petaloid structures with unmelted tungsten as a center in

coating 1
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Table 3 EDS results of the petaloid structure in Fig.5 (at%)

Position Ni W Si Fe Cr
E 0 88.64 11.36 0 0
F 7.02 27.66 19.84 36.43 9.06
G 21.09 3.27 16.97 46.66 12.01
a
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Fig.6 Sketch of the precipitation process of the petaloid structure:
(a) unmelted W particles in melting pool, (b) nucleation

process around W particles, and (c) grain growth
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Fig.7 Microhardness profile of the laser alloyed Ni-W-Si

coatings



%52

PO OGS 4l Ni-W-Si 12 R AR SPERERT 5 <379 -

HHZ 0.3 FWHRKEL 0.6, XMEEEMNRE
F) 2 1 46 B2 R P R AW G . WRJE T AN
51, W9R T IRZ ISR, VIR, BIibiR)E AR BB AR
PR AT RM R . WRM AR, BRER 152k
JEE P R v B B N EE SRR T A A EIAE A, e T
T P

HiRE BRI A RIS 9 Fr
e ML 304 ANFERIEIAM BB, & RIEH
I HE SRR R R HRRAE o 15U P B B R T
P> BN I IR, 1 2~4 53R b (¥ B 0B R
B BRACEALIZHTG 2, B> X8 B S RS A
BTG . DUONEBEEBESE RS, 1 SR RER
WisSis il it = A AR 2 5RO A TR 2 i, EERZE
KDL 53R P2 S 25 418 e A 28 SCH AR D [ It 30 8 A 1)
TORYER, AROBERAR TR B 7 2E . 2~4 53
A5 P R A0 i 5 UG F) 328 34 i /L » of JEE 5 R 4 T A
AR, PERL B AR 0 DT A AN ALV B A AR R
I TR E R AR, RN R B TR
PEARFAE

0.12

0.10

0.08

0.06

0.04

Relative Wear Loss of Coatings

0.02

0.00

1 2 3 4 Stainless steel
1.0
b
304 stainless steel
0.8}
g Coating 4
'S 06} Coating 3
=
§ Coating 2
5 0.4
5
T 0.2
0.0
0 1000 2000 3000 4000
Time/s

Kl 8 HELor a2 M 304 AN H Kk 1A B 152 B 45 J5 1 AH X 2R K
JEE 4 2R B0 25
Fig.8 Relative wear loss (a) and friction coefficient curves (b) of

the coatings and 304 stainless steel
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Fig.9 SEM micrographs showing the worn surface morphologies
of coatings 1 (a), 2 (b), 3 (c), and 4 (d)
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Microstructure and Properties of Laser Alloying Ni-W-Si Composite Coating

Lu Yunlong™?, Zhang Peilei"?, Ma Kai?, Yu Zhishui'?, Yan Hua'?, Li Chonggui'?
(1. Shanghai University of Engineering Science, Shanghai 201620, China)
(2. Research & Development Center for Key Technologies of Intelligent Ultra-Intense Laser Processing Equipments, Shanghai 201620,
China)

Abstract: Ni-W-Si intermetallic composite coatings with WsSiz compound phase as the reinforcing phase were fabricated on AISI 304
stainless steel by laser alloying process using Ni-W-Si powers as starting material. The microstructure and composition of the coatings was
characterized by SEM, XRD and EDS. The effect of the W and Si content on the microstructure and wear resistance of the coatings was
investigated. Results indicate that a great deal of petaloid or cellular compound phase of WzSi3, CrSi, and (Fe, Ni) solid solution appear in
the coatings after laser alloying process. Unmelted W particles are found particularly in the coatings with high proportion of tungsten. New
alloy phases nucleate and grow into petaloid structure around W. The wear mechanism is mainly abrasive wear. Attributed to the high
hardness and toughness of WsSis, the coatings have high hardness (the highest up to 10400 MPa) and the wear resistance is elevated to be
3~8 times higher.

Key words: coating; laser alloying; microhardness; microstructure
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