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Effects of Al,O; Microparticle Size and Heat Treatment on Plating
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ABSTRACT: The work aims to strengthen the Ni-based plating and determine the effects of Al,O; size on properties of the
composite plating. Al,O; composite platings in three sizes (micron, 50 nm and 30 nm) were prepared under optimum processing
conditions taking hardness as evaluation criteria. Surface morphology, microhardness, wear resistance and corrosion resistance
of the Al,O; composite platings in three sizes were studied and analyzed. Surface morphology of the nanocomposite coating was
smoother, denser and finer than that of the micron composite plating. The smaller the nanoparticles were, the denser the plating
was. Microhardness, wear resistance, corrosion resistance and high temperature oxidation resistance of the nanocomposite plat-
ing were better than those of the micron composite plating and pure Ni plating. The surface of the nanocomposite plating was

smoother and denser after heat treatment. The microhardness of the plating could be remarkably improved by heat treatment.
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The 50 nm and 30 nm composite plating exhibited the maximum microhardness of 461HV and 496HV at 400 ‘C and 500 C,

respectively. Wear resistance of the nanocomposite plating was not obviously improved by heat treatment. The smaller the Al,O3

particles are, the better the performance of composite platings will be.
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1.1 NI/ALO: EEEEHH &

SEEGR R SR 15 mm x 15 mm 2 x mm A4 B
VER IR IR, BHA A % FT R i, PURRE VRN S
P, H RN MERER 250 g/L, EALEL 30 g/L,
iR 30 /L, ALO;30 g/L, J& ikt e RERRARAN .

TR AL AR RS - S — b — PRl —
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1) ALOs A B FCRRE VR h B A48, T8 75 Ak
P 3 h, % 3 ho MG AR, HUASHEFE S A L
[ EAT o AR AR L3 1.

1 ALO: RIRLAIHAE
Tab.1 Specifications of Al,O; particles

ALO; BT 5 A B C
HLE K 2R 50 nm 30 nm

1.2 tEgEHEm

SKH HX-1000 S0 (_EHERIDEAUESA
FRANF] ) X4 2 T AR BRI 5 , 2R R 0.49 N, il
SRR 10 5o RHEEAIAREER 9 AN, T HSEE.

K 155k MFT-3000 A4 3 [ RTEC JEE 488 88 45 51
S HL, XHEE AT EE R BE A IS . SEG
A RFANE MR 2 N AYzkfr, LA 2 Hz AR
EREE R ML 5 mm WATRE AR BESEZ By, )[R K
150 s 3 35 70 M7 4 ol i v PR 488 22 5004 72 Ak LA B B 45
RPN 2 A s RE

SR 12 006 b G TV A 9% 2 A T b MR B L
AR ITE 3.5%NaCl i, ELRE—E, BK
FE A — R O R, 2B oK vEE R 1, Fr.

1.3 #FAbIE

AL, FEARRRE (200, 300, 400,
500, 600 'C) FXHAFELRIR 1 h, SRIGHIPARH, fif
FH 7 RS0 4 2 B R A

2 ZRKESH

2.1 ALO, fi#L R ~F 3495 = 14 8E B 22 i
211 R R~ 3455 = R 5% B9 52 M

B 1 REARI T 24T (okidshng 30 g/L,
AR LR T 4 A/dm?, HERGRIE 50 °C, #5 pH=4 ),
TEFH = FIAS[R] R A ik il A5 00 95 2 i e e HE
RS JE M 2 BIR 1000 f35H01 10 000 1%, B
BE 5 ALOs A K 1000 f5049 B8 &, ek 9% ALO,
FHI ST M B SR 1T, RIFTESRTHE . ALO; R
2R 50 nm B, ALO; M AMHUEY ST, ARGI0RL R ST AE X
A/, ALO; J5FH 30 nm iF, 1000 f5 K, ALOsH1'5
FEURAAE JCHE X, IR A5 21 0 J2 2 T SO B0
ARE AT/ o R 10000 475 A4 BE R Ha] LAY B s & 1
ALO; FHAESAR PRI, M 1d WTRVEH, Ok
ALO; FHFEFEARF H A A2 01 (Y A SR B , ALOS AR
SRR, Ni SRR . XTI 1d. le, 1f =5KIR
o, ATLAEMTEE 2] 50 nm ALO; AH7E AR 14310
Tk, Ni FERASRASRIZ0ME . 50 nm AT
30 nm A5 HH, BEMA AT RIS . 30 nm B2 ALLO;
SR, AR
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Fig.1 SEM images of composite platings with different Al,O; particle sizes: (a) micron size (1000x), (b) 50 nm(1000x),
(¢) 30 nm(1000x), (d) micron size (10 000x), (e) 50 nm(10 000x), (f) 30 nm(10 000x)
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Tab.2 Hardness of three Ni/Al,O; composite platings

Ni/ALO; B 542 [N 50 nm
WAERE (HV) 362 376
2.1.3 AR~ R EEER RN

3 R DUFPEE T $4 EE 45 R HRORN R 4 0 R v
PEZW . R 3 AT LUE Y, [RIRE A0 18 s b1 52
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PSP A R A = N SR B N € A N W £
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H, 9K A2 T SRR HL 4 Ni FTCK S ALO;
BEWZEMLE, B O R ST N, 98 )2 T B
P REHG 5

ST, X T2 AR TR A B UK DL
QKA BT RRL, TSRS Ni 48 & AR S Y
g, DR B PR R A AR, TR 48 K G B0k
NG A AAT LR MY O R T R
T FLIAS I 5 2 8 T 9 2 (T S PR RE . Ak B A2
r R B ol R A R R P Ao R TP BB R A B — i 1 S
FEVER, I8 2 36 4 )8 Ni 1Y B S A%
H ALO; B EE S . TEETELF . Mgl Ni 982 7F B
B, Ni 4| HERAZ B, NI T4 Ni
B, WA A0 ALO; B A 882 nY i M g
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Tab.3 Average friction coefficient and abrasion loss of
Ni-based plating

Ni 5% )2 Y EEE R AL BE B R /mg
4fi Ni 4% )2 0.74 11.89
Ni/ALO; Kk B &4 2 0.56 8.17
Ni/ALO; K E A4EZ(50 nm ) 0.41 5.69
Ni/ALO; K E A422(30 nm ) 0.32 4.01

2.1.4 TR R ~F 33 5 1= it o 14 i 1 22

2 & = Ni/ALO; B A 882 1F 3.5%NaCl ¥ i
IR I ok e EE S RN SE R i<k o PR 2 T,
gk ALO; B AHE 2RI th e I /N T ek ALO;,
B H 30 nm ALO; B &R ATEM/NT 50 nm &
HHEZE ALOs. XULHAGIKY ALO; B A8 )2 T ik
PEREAL Tk 2 ALOs S HEZ .
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Fig.2 Effects of Al,O; particle size on corrosion resistance of
Ni-based composite plating
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Pk s aeh, BT 1 EE , SR e T2 R
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Fig.3 SEM images of Ni/Al,O; nanocomposite plating before
and after heat treatment: (a) before heat treatment, (b) after
heat treatment
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Tab.4 Microhardness of Ni/Al,O; composite platings at
different heat treatment temperatures

LR C MAEES HKREAEE PKRELHEE
5= (50 nm) (30 nm)
Wi (25 362 376 397
200 386 404 426
300 371 436 461
400 349 461 485
500 — 449 496
600 — 431 481

FER AL 2k . NI 4 AT LU, b B = Fhgg 2
B R R RO 3 IR AR (200 C) B, =
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T 38 8 3] de KOAEL, B AAKE PR RE (4 5, A BE T 4R
TR K ALO; &2 A4 2 B 1 B Bl S A0 BRI T A 2
Ft23 1A A, 50 nm F1 30 nm (195 A4 243 BI7E 400 C
F1 500 °CAbik 2] i fwh B i RAE 461HV 5 496HV
500} —=— Composite coating

Nano composite

480 ~* coaling(SOpnm)

= Nano composite
E 460 - +coaling(3() nm)
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Fig.4 Variation curve of hardness of Ni/Al,O; composite

plating as a function of heat treatment temperature
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S IE SRR PR, T DU N AR ORE R A
BT AL, SRR B A TR foff B R A5 ) T e
HREX TRk ALO EAHE)ZE, BT ALO &K,

b B AR R R A O 2R e AN, HAETHLAL
NANBR R, SR BEE R T 300 CHE, Ni FER
&) A oRL IR R, DA 52 45 B 2 ) R B I
Ko X TFHKREHPEZ, P ALO, FokifE & il N A
AR BOMZEERE ST, [R R A A BT FLASON fif &
AP B R U AR, BRI A5
GO R O R R (E R A PR R AR SR T
AR R B DA SR B 3 55 AR T Y BEASVE T, AT
SR G AT R AR
2.2.3 AACIBIHEREEE R AR N

SR 5% I B A 5 ) R R S A BB A S
X UL BEATE A9 4E Ni 8525 50 nm & S92 0478
PRSI b . SLIR SR R 5. S5 R BUR,
IAbHR A K B A Z A i B R SR BH AL T4l Ni
BEZ , (HE A BT G K A 2 N S R B e A
M. T, 9RE GHEZ Al Ni RBLH T 4
(AT M, TR B DR O A AR 2 P A T AR AR
BT RAFAREAER, i T b B R 28 68 77 098
A PR, EL A B H Al R A e TG i R 4
P R R R A R R S e T A
LG A B X 90 K A2 )2 T s P R ) el 5 RN SR AN B
o XF4Al Ni B5)2, PAbHEIRT R S 2 AR, e
MBI AR B . L, PUbBEXTAl Ni B2
VS T B ) MO ORI TR E A 882

x5 ZFREBEARLERN N £2EENERER TR
Tab.5 Friction and wear properties of Ni-based platings
after heat treatment at different temperatures

BRMEE  BR A AR

R VOB IpiE=N bz 2 K H/mg
JoHab 3 0.74 11.89
4i Ni g8)2 200 CHULHSE  0.66 9.31
400 CHALFESE  0.59 7.72
Ni/ALO; 44 JoHab B 0.41 5.69
FAMEE 200 CHUGHEE 039 5.51
(50 nm) 400 CH AL 5 0.35 5.26

224 NEEEHmESERELESW

& 5 Ay FA A BRYE EE X Ni L8 2 S Ab 1 E R 5
525 B E W IE T2 R A 2 DURSE B2 A A A o 1Y)
T E S WTLIE 1, 4l Ni 882 A4k 16 5 1
W Ni BEASHEZENEISEE L SRR
AR, XA 2ZERR IR Bl A PR B A 4
FEBEIR ] 500 CHE, 4l Ni 982 09 E Ak 3G i S0 3
T, TOK S A8 2 W S AL G T A BRI n . 4K
0258 2 0 AR A DL M R R v A AR S R
HRKAS BAL T2 Ni 52 50Kk E G482 X R
Ni/ALO; K G452 HA BRI bt s A etk he,
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Fig.5 Effect of heat treatment temperature on oxidation
weight gain of Ni-based plating
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