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Effect of content of tungsten on hardness and wear resistance of
electroless Ni-W-P plating on aluminium alloy
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Abstract: The wear resistance of electroless Ni-W-P coatings on aluminium alloy was studied, the effect of content of
tungsten on the wear resistance and hardness of electroless Ni-W-P deposits was discussed. The results show that the
hardness of deposit heated at 400 C for 1 h is HV,s1 080, and the wear resistance and hardness of deposits heated at
400 °C for 1 h are ten times more than those of aluminium matrix. With increasing content of W, the hardness of Ni-W-P
coatings decreases. Disintegration and spall on the Ni-W-P deposits heated at 400 ‘C for 1 h were generated after
abrasion test because of the excessive stress caused by different coefficient of thermal expansion between matrix
materials and deposits and precipitation of NizP. The characteristic of electroless Ni-W-P deposits composition
distribution is explained by aggradational deposition mechanism of electroless Ni-W-P deposits.
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Table 1 Bath composition and operating conditions of electroless flash plated Ni-P alkaline bath

Nickle sulfate Compound complex

Organic addition

Stabilizer/ Time/

ey omry  wwm) ey M e
10—11 Indoor

0.038 0.38 3-5 20-30 . . 10-15
(adjusted with NaOH) temperature

F 2 ALY NI-W-P = oo SR AL M ST

Table 2 Bath composition and operating conditions of electroless Ni-W-P bath

Nickle sulfate Sodium hypophsphite  Sodium Compound - Buffering  Wetting
Stabilizers/ Temperature/
hexahydrate/ monohydrate/ tungstate/  complex agent B/ (mgL ) agent/ agent/ pH C
(gL™h (gL™h (gL™ (gL™h (gLh  (mgl™)
15 15-30 20-50 2545 1-2 10 60-80 8.5-9 85+2
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Table 3 Comparison of hardness and wear rate of between

Ni-W-P ternary deposits and aluminum alloy

Hardness/ Wear volume/  Wear rate/

Material

(kgmm?) (mm*h") (107 mm*m™)

LY12 96+9 0.069 0 0.779 8

Sample 1 680425 0.0138 0.156 1
Sample 2 560+20 - -

Sample 1 heated at
+ . .
400 °C for 1 h 1 080+40 0.006 4 0.072 4
Sample 2 heated at | ), 17 0080 0.089 9

400 C for 1 h
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Table 4 Linear coefficient of thermal expansion

Linear coefficient of thermal expansion/
Metal

ao®c™h
Al 24
Ni 13
W 5
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Fig.l  X-ray diffraction patterns of Ni-W-P electroless
deposits heat treated at 400 ‘Cfor 1 h: (a) Sample 2 Ni-W-P
heated at 400 ‘C for 1 h; (b) Sample 1 Ni-W-P heated at
400 C for1h
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at 400 °C for 1 h
v — Sample 2 Ni-W-P heated

0 30 60 90 120 150 180 210

Wear test time/min
2 BB SREAAE Ni-W-P P52 B BN (8] 5 B BRI 0 R

Fig.2  Relationship of wear time and wear volume of

Wear extent/mm?

aluminium matrix and electroless Ni-W-P deposits
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Fig.3  Microstructure of wear of different deposits: (a)
As-plated; (b) Sample 1,400 C; (c) Sample 2,400 C

FE T B8 281 5 RS ik HV 1080, 28 5y 1 0] B
FOMERE o WO T s A, WA B B
T8 R B IR B AR A D R RVE .
3R AE WO B EFEG 2 H8 2 b HE S 1R B4
M. M3 IR T LA Y, B0 R 0% 2 R %
XFERHTHEZAN R, RN R . H
I, EBSBH IR V2 AMEar, o N E
gEOL, PRS2 B2 KB S Rk HV 1032, %
TEEEETRERE,  DRIAE B A R R I, Rl
D4, OSSR B FE I ) B I . AN SEM 15
SIATRIAN, ARG Y g B 2 B L TR i P 45
PEfE.

AWFFCRIN: P& ablE W2 (1038 i 5,
HAEAWTEME T, 4400 T hjE, B WH
oA 4.23% M P R 5.26%N), L5 HE Ni-W-P —JuH 4
PRI R, T AR R AL, AR O D
MRITE I B W R P S s n, £EAH R 1 41
T, S Ni-W-P oo a2 Mk e,
JEARNGE, ASEAE Ni-W-P = J0-& a4 2 P Al 1 R i %
PAPERE NI, X5 OCER20]M L5 e .

24 EEMS S IR ENIEAYIRTT
K 4 Fis e 1852 400 CARR 1 h )5 B
1A L B TS U % . P 4 P I Ab 2 WS B

B4 FEdh 1 PR IAC RS BRI A 440 B T O R
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Table 5 Analysis results of energy spectrum of sample 1
deposit heated at 400 ‘C for 1 h (mass fraction, %)

Spot C P S Ni
1 0.45 5.54 0.68 86.2
2 0.41 4.81 0.58 92.5
Spot Sr Mo w Total
1 1.82 5.28 100
2 1.66 100
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