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400 CHEm % 800 CU7, Mk, AHFFEHLE it s i
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B, IR A S A L] .

1 X &

K FH HLORR 0 7 1 o 46 S50 P Ni-W A e )
PR R AN T) 2 00 e ] DA 5 5 B 2 1
JRIGE S RO AL R G b o A B U S 9 R I
TR IR pH AR B8 )2 AR O &5 K4 AT ol P e A
FRERE 2, HORE pH Yu A W S EAMIE, H
W AR A Y B S R ) R B 5. R, AR
56 30 3ok 1 Y r TR FR TR B pH ER SCE A 4T
FW 5% Ni-W A 885 )2 B F (06 198 38 -Fr ks
FRBE WAy IR 1 BN, B R Ak 2f gl 25 iR L s 1
K BC T R, AP R B R RN K R Y pH i &
9.0, 9.5. 10.0 F110.5.

HAL YT AR 3o R Y BH A3k 46 o 99.9999% 1) 4L Ni
B, JR~FH 60 mmx35 mmx3 mm (Kx5ExE), K
AAREMN, RF2R 50 mmx20 mmx1 mm (K xFExE),
ORI, BHARAR AR WA 2 HH IR I 0.5 h HFEAT 4T 25 Adb
L, RRURTAA)Z s BT B 0 5 24T B b B
B, Bt JE F IR 2 B 5.0% 1A SR VS A6 1 min I FH 2%
TGP M . AR E Ni A BN
10 min 2 58 EAH ], PRI E & 65 C. Ul
FAREFE R ARl L, ML S W 2 A/dm?, HEAT
Ni-W & &2 6% . Tl iR, 4 Ni-w
HEWE R ERFFEL) 5.0 pm.

W& SE T, K Ni-W A S8 2R i A5 4K 3
BRI TR, HAS PR, REHAT
RMESAM AL R, UL S 2E Rk . Ni-w
B PRI A S W S e = N Bruker D8

F 1 BIERRS
Table 1 Bath composition for Ni-W alloys

Bath composition Concentration/g-L™

Nickel sulfate 50
Sodium tungstate 15
Sodium citrate 86
Ammonium chloride 25
Sodium bromide 40
Lauryl sodium sulfate 0.2

Discover ¥ R X S AT AN 2, Cu Ko H4k, 6-20
P, HHEP KR 020, FARIEEN 35°~80°.
i FEI Verios 460 7 & S 414 i (SEM/EDS) ¥
P AT 2 10 B 30 3R AE RO B 2 40 BT, Ik 25 9
HH OB S AR, RIA JEOL-2100F AL3% i i 1
BB (TEMD) WUEFE S RO A 2R 458 . R 10
AL (MTS Tytron250) X4 458 J2 HEAT Pl 7
WAR, FERFREE RS 20 mmx3 mm, 78 R4 g 43
P 0.1 pm AT 1.0 mNo P 72 o R A B
P, WA R RN 1x10* 57, AEANFEEEAT 3
DO, WG G0 2 b AR 12447 A .
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2.1 EREETEWERE

T AN pH A R OB )5 I RE b AE 4
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2.0 at%. BT pH (EIG 0, 2 W &= A K
N, JLTF R SRR

SISO R W R R W B o B A L
48 G IAT AL 2E DR, ) pH KT 7 B, BEC
AFAEI B AW LU RV AR B

NiC,H.0, +[(HWO? )(C,H,0,)]* — (1)
[Ni(HWO, )(C,H,0,)I* +[C,H.0, |

T b e 2 I A R 4% 4t INI(HWO, )(CH,0,)1
T H e LLAE B AR el s PN . BEE AW pH AN,
I B RT AR R 4% W) AE R 3R T W P = 08 22, VAR
W WA BH AR AR BTt AR 1S 0 R, DR FR AR
HREAWID, FEERE T W & =B K.
2.2 ERFEEREHEEE

B 2 43 5 AT W o Ni-W 8% 2 10 36 1 1 46 2
o MW F N 0.22 at%I, KN & F IR HEL M,
A T 0T LB 22 2R i 38 1 A7 A2 9% 2 AR KO AR B Rk
b HE VAR, 26 e v, R E, Wl 2a PR
Jey il A MO BN, REESE M RSE N 2~3 um, Hr A
o R0 M HE 2 A) VA R b R AL, VAR i A A
JF/N B DI/ INEHE, Wi 2e fiom. ¥ W &
HhnE] 0.68 at%hf, AT LU %2 3 A K FE e
FCHIVA RS, SR SN, A R R IURE SR T
I A BEHER G5 0, JLRRAE RS2 2.0 um, #RHEZ [A]
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Fig.1 SEM-EDS results of Ni-1.87at%W, including the distribution of Ni and W elements and EDS spectrum (a), and W content of Ni-W

alloying coatings as a function of pH value (b)

2 AF W &R Ni-W 985 R 1B 5
Fig.2 Surface morphologies of the Ni-W coatings with different W contents (a~d) and their magnification images (e~h); (a, ) 0.22at%W,
(b, 1) 0.68at%W, (c, g) 1.43at%W, and (d, h) 1.87at%W
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Fig.3 AFM images of Ni-W coatings with 0.22at% (a), 0.68at% (b),
1.43at% (c) and 1.87at% (d) W contents; (e) surface

[=]
T T

roughness of Ni-W coatings as a function of W content (the
scanning area is 10 umx10 pm; the white dotted line
represents the height profiles in samples and the red dotted
line represents the surface position of sample; the width and
depth of the surface defects are marked representatively
between the black dotted lines; the scale bar of 1.0 um is

denoted by the orange solid line)
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Fig.4 XRD patterns of Ni-W coatings with different W contents
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Fig.5 TEM bright (a, ¢) and dark (b, d) field images of
Ni-1.43at%W coating (a, b) and Ni-1.87at%W coating (c, d);

variation of grain size with W contents (e)
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Fig.6 True stress-true strain curves of Ni-W coatings
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Fig.7 Tensile properties of Ni-W coatings with different W
contents: (a) yield strength (o,) and ultimate tensile

strength (ours); (b) total elongation
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Fig.8 Hardening capacity as a function of W content for Ni-W

coatings
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TREFRE o 3K divhn RUST 5 3R 10 AR KB B 79 7 T DR 3%
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Effect of Microalloying Addition on Microstructure and Mechanical Properties of
Ni-W Coatings

Cheng Lu, Wang Yaqiang, Zhang Jinyu, Liu Gang, Sun Jun
(Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The effect of processing technology and microalloying addition on the microstructure and mechanical properties of Ni-W
coatings prepared by electrodeposition was studied. The surface morphology, microstructure, and tensile properties of Ni-W coatings were
studied with a small W addition of less than 2.0at%. The results show that the Ni-W coatings have a single-phase fcc structure. By
increasing the W content, the surface morphology of the coatings varies from the grooves between the coarse pyramid structures to
uniformly distributed micropores. At the same time, the intensity of Ni(220) diffraction peak of the coatings is also gradually weakened,
with the reduction of surface roughness and the grain size. There is a critical W addition of about 1.0at%, where the yield strength of Ni-W
coating increases sharply from ~1.0 GPa at the W addition <I1.0at% to ~2.0 GPa at the W addition >1.0at%. However, the tensile
elongation is insensitive to the W content, which keep almost unchanged within the studied W addition range. In addition, strain hardening
capacity of the coatings is also stable with the W content. In this work, the mechanical properties of Ni-W coating with micro-addition of
W are optimized through manipulation of microalloying effect on the surface defect and microstructure.

Key words: alloying; Ni-W coating; microstructures; mechanical properties
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