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Tribological properties and erosion resistance of electroplated
Ni-P/nano-Al,O; composite coatings to aluminum liquid
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Abstract: The tribological properties under dry sliding condition and erosion resistance of Ni-P/nano-Al,0; composite
coatings pulse electroplated to aluminum liquid were investigated. The worn surface morphologies of the coatings and the
interface structures between aluminum and Ni-P/nano-Al,O; composite coatings were observed by scanning electron
microscopy (SEM). The results demonstrate that the friction coefficient of the as-deposited composite coatings against
quenched 45 steel is 0.45-0.55; its wear mechanism is fatigue flake. The friction coefficient of 400 °C heat-treated
composite coatings against quenched 45 steel is 0.20—0.24; their worn surfaces exhibit slight adhesion and abrasion. The
wetting angle of the aluminum liquid on the composite coatings is 109°, showing that the composite coatings present

good erosion resistance to the aluminum liquid.
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Fig.1 SEM image of Ni-P/20 g/L nano-Al,O; composite

coating
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Fig.2 XRD patterns of Ni-P/20 g/L nano-Al,0; composite
coatings as-deposited (a) and heat treated at 400 C (b)
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Table 1 Microhardness of Ni-P/nano-Al,O; composite

coatings

HV(,

400 C

heat-treated

Composite coating
As-deposited

Ni-P 430.6 536.5
Ni-P/10 g/L nano-Al,O; 550.4 712.0
Ni-P/15 g/L nano-Al,O; 586.5 902.8
Ni-P/20 g/L nano-Al,O; 677.2 972.2
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Fig.3 Changes of friction coefficients with time in
pin-on-disc tests for composite coatings as-deposited (a) and

heat-treated at 400 ‘C (b)
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Bl 4 Ni-P/20 g/L 42K AlLO; B A 4E)2 K BRI K SEM

%
Fig.4 SEM images of worn surfaces of Ni-P/20 g/L
nano-Al,O; composite coatings as-deposited (a) and heat

treated at 400 C (b)
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M17.2 mm, B 520 91°H1 109°. MR
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IR AN, Bl e, LA 5 W S B R
45 PNA R IEYE s SR Ni-P/20 g/L 41K ALO,
HEBEZ R 2.
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JEEHEAK Fe poA T —@ R BUZ, vigE)E
Fe JEARZE G ALUF . 36 2 70 3 Figl o3 i A iE/45 A0 5t it

B 5 EWHTE 45 81 Ni-P & &2 FINi-P/20 g/L 442K ALO;
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Fig.5 Aluminum spreading states on surface of 45 steel (a),
Ni-P alloy coating (b) and Ni-P/20 g/L nano-Al,O; composite

coating (c)
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Fig.6 Interface structures between aluminum and 45 steel (a)
and between aluminum and  Ni-P/20 g/l nano-Al,O,

composite coating (b)
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Table 2 Chemical compositions in interface region between

aluminum and 45 steel shown in Fig.6

- Mass fraction/%
Position

Al Fe
1 100 -
2 55.51 44.49
3 55.09 4491
4 28.85 71.15
5 - 100

R3 HH/NI-P20 g/L 41K ALO; 5 4952 L X I (1 1k 27 1%

éj\

Table 3 Chemical compositions in interface region between
aluminum and Ni-P/20 g/L nano-Al,O; composite coating

shown in Fig.6

i Mass fraction/%
Position

Al Fe Ni P
1 56.11 - 29.77 14.12
2 13.43 - 55.17 31.40
3 - - 29.20 70.80
4 6.97 - 71.33 21.70
5 - 71.46 28.54 -

g/l 4K ALOs R &5 HEZ R I R4 (i 40 4= th
PEfE

3 g

1) Ni-P/4K ALO; 5485 2 (BEA) 51 K 45 86)
JEEIS () BEHE IR B 0.45~0.55, BERU I 57 #V%; &
400 ‘CHKLFLSS 1) Ni-P/AK ALO, H A1 /= 57 K 45
BT EER,  EEHEINEON 0.2~0.24, FAT I S IRIIRRE R4
S, JLES LI N SR TokS A5 AN B ko

2) HVEAE Ni-P/20 g/L 402K ALO; & &45 2 K H 11
THREA A 1097, WEREPEZE , KW Ni-P/20 g/L 49K ALO,
SEPEEHA B IR AR ok 58 o
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