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Mechanical Planarization of Ni-P Electroless Plating

Ping Zhaoxia', He Yedong®, Cheng Guoan'"

(1. Institute of Nuclear Science and Technology , Beijing Normal University , Beijing 100875, China; 2. Beijing Key Labo—
ratory for Corrosion, Erosion and Surface Technology , University of Science and Technology, Beijing 100083, China)

Abstract: A mechanically assisted electroless ( MAE) -plating technique was developed to deposit Ni-P coatings on carbon steel.

The mechanical in-situ treatment was carried out with glass balls of 2 ~3 mm diameter in stirred chemical solution, like a penning
process. The coatings were Ni-polycrystalline and had fine grained structure and smooth surfaces. The hardness and corrosion resist—
ance of the novel coatings were considerably improved compared with the conventional electroless ( CE) —plated Ni-P coatings, which
were amorphous. After heat treatment at 400 °C for one hour, cores and cracks were observed in the CE-plated Ni-P coating, while no
holes and cracks appeared in the MAE—plated Ni-P coating. The holes and cracks in traditional coating indicated that tensile stress
formed and the volume contracted. Because of the crystallization, the density is higher than that of traditional coating, in the process
of heat treatment; the volume change in MAE—plated NiP coating was smaller than that of traditional coating. After heat treatment,
the grain size was small, so the hardness, corrosion resistance were improved greatly. The improved properties of the MAE-plated Ni-
P coatings demonstrated the advantages of this novel technique.
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Fig. 1  Schematic diagram of mechanical assisted electroless

plating set-up
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Table 1 Composition of the plating solution and plating

parameters

Plating solution composition
NiSO, *6H,0/( g*L.~") 25 pH 5.5
NaH, PO, *H,0/( g*L.7") 20
NaCH;COO*H,0/( g°L.™") 5
CgHsNa;0,2H,0/(gL.™") 5

Electroless parameters

Temperature / °C 80
Time/h 1




24 FRIEEAE LA (LA BE NP B2 191

2 # R

2.1 #HUMFREXS Ni-P $8E £ R E R0

CPAVSESE LR R I 2 T Y=
T PR Z ARG, RS NiP @3k
HESUE . S GEL7 38 Ni-P 2 AL, AL
IR A~ B Ni-P 5= HA G B 00 SR i 254 o
HIRWIFR Ni-P G2 #R83% BLU dL R “SEAER 7P
B, AFSEHURAIE I L2 5 NiP R 1 “SRABEIR 7 1A
FERST/NT 200 nm, % G4k~ B NiP B )= I
AR "HFERT 'S ~20 pms

X GYRREIE AT R W], RN T2 A A BE 2
i Ni, PAGAL, H P ARl 297 12% Fi1 10. 3%
(BREEIIEO o HUBBTE L2 52 Ni-P B2 (9 R 1if
BERE R, {H 9 83. 88 nm, TifE4Efb=A4E NiP §2/=
LS R, {E0 317. 89 nm, 0] LI L 4E
P B2 B2 T LU HUARAT P f 3 92 = 1 2 TRTRLAES
HUBRHI B {2 B2 9 = R i A 4k, O HL 3% hrHLRS

(a)

JE X 2 SRR B A — RE R

&l 3 AL G A A S MU (b 2= 4 NiP 28
11400 CiR k1 h J5REEH . RSG5
Ni-P 4 J2 2 1 0 B0 S (R 2480, LA AT B Ak~
BENiP g 2R MR, S T LG ib#4E Ni-
P g 2T BN FLIR T A T LT I fh 2
B Ni-P 525 A S A IR LSRR ARAR /N, AL
RATF VS i e 1 38 K B 2 4 S RN L) )

4 50 G Ge b NiP 4 2 FATLAR AT S
fl2A4E Ni-P g AT B B IR, NIRRT LA
B g 2= 8E Ni-P 55 2 FHLRAE S fh 24 5% NiP
PEIZIRRE 029k 20 A1 15 pume AL ES A FH A
Ni-P 9§ 2R 5 pme X — 45 BRI 7EfL~#
B 3k R P R ) LA B A7 b G i T B R R
2 e R v A — B R BR ML AMCATF B8 b, [T
ARAG T T N T 1 T R T L T
YRR .

P2 B AR Ni-P iR 2 i TE 8
Fig.2 Surface morphologies of Ni-P coatings on carbon steels

(a) Electroless plated; (b) Mechanical assistance
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Fig. 3 Surface morphologies of electroless plated Ni-P coatings on carbon steels after heat treatment at 400 °C for 1 h

(a) Electroless plated; (b) Mechanical assistance
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Fig.4 Cross-section SEM images of Ni-P coatings on carbon steel by traditional electroless plating
(a) Electroless p|.-ilmi; (b) Mechanical assistance
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Fig. 5 Comparison of XRD patterns for (a) l."|!'r'lTle"-h-FIIil[f'l] Ni-P coating and (b) mechanical assisted electroless |i];|ll‘l| Ni-P coat-

ing before the heat treatment and after
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Fig. 6 Polarization curves in 3. 5% NaCl solution at

room temperature
(1) Carbon steel substrate; (2) Traditional electroless plated
coating after heat treatment; ( 3) Traditional electroless plated
coating before heat treatment; (4) Mechanical assisted electro—
less plated coating after heat treatment; (5) Mechanical assis—

ted electroless plated coating before heat treatment
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Table 2  Fitting result of polarization curves in 3. 5%

NaCl solution at room temperature

Eee! o/
Sample

s (Avsem™?)
Carbon steel -0.384 2.80
Traditional electroless plating -0.327 1.78
Mechanical assisted electroless plating -0.097 9.10
Traditional electroless plating after heat treatment — —0.345 2.69
Mechanical assisted electroless plating after heat -0.130 14.8
treatment
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Fig.7 (‘a) Nyquist plots for carbon steel substrate, conventional and MAE-plated Ni-P coatings before the heat treatment and after in

3.5% NaCl solution at room temperature, respectively; (b) Equivalent circuit for fitting the EIS data: R_, solution resist—
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Table 3 Fitting result of EIS of the carbon steel, the electroless-plated Ni-P coating and the mechanical assisted electroless

plated Ni-P coating

Samples R./( Qecm?) R, /( Qeem?) Qu/(Feem™2) ng w

Carbon steel 3.380 +1.0% 1066 +2.0% 7.244x107* £0.3%  0.7852=1.2%  6.317 x10"” +12%
CE-plated Ni-P coating after heat treatment 3.47 +1.3% 1582 +2.6% 1.086 x10™* £0.2%  0.9757 +1.4%  1.256 x10° £10%
CE-plated Ni-P coating before heat treatment 3.50 £1.6% 1614 +£3.0% 1.106 x10™* +1.0%  0.7514 £1.7% 1.561 x10® +11%
MAE-plated Ni-P coating after heat treatment 0.9136 +1.0% 2025 +2.1% 1.742x107* £0.4%  0.9782£1.5%  2.717 x10"" £15%

MAE-plated Ni-P coating before heat treatment 1.088 +£1.0%

2187 +2.0%

0.2127 x10™* +1.0% 0.9876 £1.0%  8.8884 x 10* +17%
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