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Fig.1 Effects of pulse peak current density

on deposition rate
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nano-particle mass fraction

s D—C&)z n-
SD,
50A /dn’ , wCed,  1nSD,
60A /dn® 39
16Mm /h
( )
x 2
o 2 2 rl—
C, 1nSD» N iW-P \
’ H—CGOZ D—SDZ
212



48 28
N W -P/Ce0-S 0> ,
3 ,
680 , rCed;  n=Si0,
660} W , P
> 640 2
2 ol : 60A /dm®
g 600 Il—CfOz II—SDQ
E 580 W ,
g seo}
S s40f 8. 9% , 3.6 6.5%%, P
5200 , 3.68%,
053030 4030 60 213
Pulse peak current density / (A-dm™)
N+W-P/Ce0,-S D>
3 4 4
Fig 3 Effects of pulse peak current density
onm crohardness
3 ;
2 ’2 s ’ Il-CEOz n-
10A /dm 60A /dm” S0, N WP
5THv 619Hv ,
2 2 2
10A /dn” . wC0: S0,
Cd)z S Dz W , N ,1
: 4.3%6, 0.9% W
2.97% , P ,  7.26%,
4
Fi 4 Effects of puke peak current on surfacem orphologies of the nane-composites
(a) 10A /dn*; (b) 20A/dm% (c) 30 A/dm? (d) 40A /dn% (e 50A /dmn% ()60 A /dn®
22 , 2

N +W-P-Ce0,-S D>

221



’ > 107
5(% N H—CE()Z H—SOZ
N+W-P/Ce0,-S 0, W
5 , 5.8% 0.96% 2.8%% 10.2%4% ,
n-Ce0, n=Si0, 6 3. 38% 9. 46% , p 8. 41%
) H—C&)z II—S Dz 3. 5370 .
750
107% 500 _ 700
I r
23. 09¥m /h 56. 24Hm /h 5 650F
, B 600f
= € ssof
s |
x , 500
’ ’ B0 30 40 50
Pulse duty cycle / %
60 7
A 55'_ Fig 7 Effects of pulse duty cycle on m kcrohardness
= L
g Sof
3 L
E 45t 223
E dof N WP /C) S D,
2 35F
E L 8 ’
g 30}
g1
a 25.. ’ ’
0620 30 40 50 ’
Pulse duty cycle / % 10% 50
BS Bk o 2 b OB AR Y B ’
Fig.5 Effects of pulse duty cycle on deposition rate ’ ? ’
Hp ,
g S /.// Niw P :
E = 8F / 8f ,
2% 7F o
EZof — 50 e, » N&
&5 W-p , . CeO,
o 8 4f . .
g = 3f S0, N+W-P
g 2f ,//
© 1f —
076 20 30 40 50

Pulse duty cycle / % 3 él:lj: 'L/é
6 kb it 2 okt 44 K JBORLITE B F 4 ik 66 S
Fig. 6 Effects of pulse duty cycle on nano- (1) NiW, P Ced,, SO,

particle mass fraction i Ce0rSD, N iW-

P
222 2 100(H
7 NW-P/CO~SD, (2) ‘
40 /dm 5006 56.24H0m /
’ h 7TI2Hv ,
10% 500, 503H v ’ . Ce0, S0,

T1Hv



50 28

Fig 8 Effects of puke duty cycle on surfacem ophologies of the nano- composites
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Abstract N +W-P/Ce0,~SD, particle-re nforced m etal matrix nano-com posites w ere prepared on the caibon steel surface by pulse
elecgtrodeposition ofN i W, P, nano-Cd), and nanoS O, particles the effects of pulse peak cumwent density and pulse duty cyclk on
the elecgirodepos ition w ere researched, the chamcteristicsw ere assessed by nano-particlem ass fraction deposition rarg m icrohardness
and surfacemomphology The results show that ncreas ing puke peak current density or pulse duty cycle led to the grain size decrease of
N+W-P matrixmetal and the ncrease ofnano-C €, and nano-S D, particlesm ass fracton W hen the puke frequency puke peak cur
rent density and pulse duty cycle were controllkd at 1000H z 40A /dn* and 50%, respectively the fastest deposition rate of 56 24 m /
h and the highestm rwhardness of 712H vw ere obtamned, the nano—com posites possessed clear outline of the m atrk m etal crystallitg

fine ciystal size and can pactm icwostructure unifom dstrbution ofnane-Céd), and nano-Si0, particlesw ihin thematrk metal
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