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1
Table 1 Composition and Condition of Electroless Nanometer Composite Coating
composition/ (mol- L.=") and condition of the plating bath
Ni»SOs- 6H,0(A. R.) 0.15
HEDP (1-hydroxyethyliphosphonate) 0.08
CeHi70:N3(A. R.) 0. 06
Pb(Ac).(A.R.) 6.0x10°°¢
NaH.PO.- H,O(A.R.) 0.24
OP-21 (neutral surfacant) 1.0
CroHBrN(A. R.) 0. 50
ZnSi03/ZnSn03/Zn3(POs) 2 (nanometer particle) 0.01 ~0.025
pH 4.5~5.0
T 85 ~95C
plating time 2h
SEM 20kV
20°C 10% NaCl
54 1% H-S
5
10% CuSO4 GB5935-86
Perkin-Elmer PHI-550 ESCA /SAM XPS
AES X Al AlKaX 1486. 6V 10kV 40mA
XPS 100eV  50eV 10 "Torr AES
3kV 10pA Ar* 4kV 15mA
5 X 5mm? Ta,Os Snm* min "~ C1.(284. 6eV)
+0. 1eV XPS
2
2.1
Ni-P-ZnSiOs Ni-P-ZnSnO; Ni-P-Zn;(PO.),
65°C
1(a) 2
(a) (b) Ni-P-ZnSiO;
Ni P
Ni P 85 ~95C
Ni-P 2(d) 85 ~
95C
1(b)

0.01 ~0.025mol- 1! 2(a) (c)



: Ni-P-Zn3(PO4)2(ZnSn0Os ZnSiOs)

1 103-
0.34
(a) 0.361(b) 030 (c)
0.32 034 0.25 "
50 0.301 203 : 0.20
0.15
3 0281 < 030 <
0.261 / 0.28] 0.10 /
0.05
0.24 0.26
84 8 88 90 92 94 96 00t 002 003 004 005 0406081.012141.6182022
temperature / C nanoparticle concentration / (mol-L') time / h
1 (a) ZnSiOs (b) (c)
Fig. 1 Effect of temperature(a), ZnSiOs concentration(b) and plating time(c) on coating weight gained
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Fig. 2 Effect of temperature, ZnSiOs concentration on Ni-P-ZnSiOs coating morphology (a) (b) (c)
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coating samples/C-Fe

A; steel plate
Phosphating film
Ni-P
Ni-P-Zn;(POy4) 2
Ni-P-ZnSnOs
Ni-P-ZnSiOs

“Parenthetical numbers mean:

"Parenthetical numbers mean:

2
Table 2 Results of the Accelerated

salt water dipping/h*

0.75(1) = 1(2) — 1.5(3) — 5(4)
2(1) = 2.5(2) — 6(3) — 8(4)
2(1) — 4(2) — 8(3) — 13(4)

23(1) — 26(2) — 29(2) — 48(4)

29(1) — 33(2) — 48(3)

20(1) — 23(3) — 26(4) — 48(4)

(1) faint tarnish;

(2) light tarnish;

17
Corrosion and Tarnish Tests
. corrosion rate/ (g m~>- h~')
H>S tarnish /h"
salt water H.S
0.25(1) — 0.5(4) 0.070 0. 064
1(1) — 2(4) 0. 063 0. 024
3(1) — 4(4) 0.033 0. 003
4(1) — 6(4) 0.027 0. 002
4(1) — 6(4) 0.012 0. 002
4(1) — 6(4) 0.030 0. 002

(1) faint muddy; (2) light muddy; (3) obvious muddy; and (4) serious muddy.

(3) obvious tarnish; and (4) serious tarnish.

Ni-P-ZnSiO; Ni-P
H.S
10% CuSOs As 0. Smin 2. S5min
24h Ni-P
141 30pum Ni-P-Al,Os  Ni-P-SiC 0.24
0.27 /em?®
2.3
XPS AES Ar*
Ni-P-Zn;(PO.) » Ar* AES 3(a) C O P Ni Zn (151
Smm X Smm 10min C 0] /n Ni P
OPNi Zn C Ar” XPS 3(b) Cic O Oy
P2, Pzp Nizp leg Ni}v Ni(l,MM) Zn(muw) Zn35 Zn3p[]6] Smm X Smm 10min Cis O
10" Sl g
(a) O(KVV) Ni2p (
5 ' 4 -854.234
s 35 Ni(LMM)
}! | -779. |710
- . ).. » )il w/;\fﬂ 3 708.912 Cls
5o W' o 4‘{( H'Fi it zn o|15 .284.124
2 P | 2.5 -636.2501-528.190
2 I
£ s Ni 2
: Ni3p
© 1.5 |ZaMMD - izn(mM) (NS 26
c Zn3p
3.6 !
05 108.992
-181.653
2 o0 G000 8090 T000.0 1000 900 800 700600300 400 300200 1000
kinetic energy / eV binding energy / eV
3 Ni-P-Zn3;(PO.)>» AES (a) XPS (b)

Fig. 3

(a) AES and (b)XPS survey spectra of the Ni-P-Zn3(PO4)2 coating
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Ni P Zn O P Ni Zn C
Ar* Cie 284.991eV
285. 147eV (CH:),  Cr(GeHe)»  C.. 284. 6V 285.6eV
C C C Ci. 284. 649eV
285. 274V C
3 Ni-P-Zn;(POs)»
Table 3 Binding Energy of Elements in the Ni-P-Zn; (PO,). Coating
sample OlSl/z/eV P2p3/z/eV Nizpwz/e\/ anpzx'z/ev ZnL3M45M45/eV Cls/eV
before sputtering 531.577(-2) 129.618(0) 852.848(0) 1022.569( +2) 989. 746 284.991 (alkyl)
133.112( +5) 285. 147 (phenyl)
after 10min of sputtering  531.353( -2) 129.572(0) 852.848(0) 1022.848( +2) 990. 631 284. 649 (alkyl)
133.011( +5) 285. 274 (phenyl)
O, 531.577eV ALOs Oy 531.6eV  Na,SOs Oy
531. 8eV Zn0O NiO Oy 530.4eV  529. 6eV 0]
O, 531.353eV 0] P2p:.»
129.618¢V ~ 133.112eV P Na,HPOs;  P2p;s. 129. 6eV  133.112eV
P P(V) P2ps.» 129. 572¢V
133 01 leV Ni2p3/2 852 848€V 2p3/2 2p1/2
Ni2p3/z 852.3eV Ni Ni2p3/2
852. 848eV 2p3/2 2p1/2 Ni Zn2p3/z
1022 5696V ZnL3M45M45 989 7466V ZnSe Zn2P3/2 1022 OeV
ZHL3M45M45 989 SeV ZH Zn (]D ZH2P3/2
1022 8486V ZHL3M45M45 990 6316V ZH Zn (H) an(PO4) 2
70, =
Ni-P-Zn;(PO4), 2 6 Ni
AES £ so
4 (%) Ni70.00 P % 40
14.60 O 8.60 Zn 3. 20, C 3. 60 P P ;°;° 30
g 20
(V) XPS g P
Ni-P-Zn; ( PO4) 2 0 - - ,C Zn
. . 0 100 200 300 400 500 600 700
PO : P(V) =5.9:1 sputter time / s
Ni: P: Zns(PO4),: C 4 Ni-P-Zn:(PO.)» AES

70.00 : 12.47 : 13.93(1.07) :
96. 40%

Znz(PO.)»
10min,
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Ni 77.56,P 10.00, Zn 2.01,5n 1.95,0 5. 88; C 2. 60

0.98, 0 3.00, C0.89
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99.11%  Ni-P-ZnSnO; 17. 60pm, Ni-P-ZnSiOs 18. 01pm

3

( 1 ) Zn3 ( PO4)2 ZnSnOs ZnSi03

(2) H.S As
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(3) Ni-P-Zn;(PO,) » 96.40% 3.60% C
Ni-P-ZnSnO; 97. 4% C 2.6% Ni-P-ZnSiOs 99. 11%
0. 89% C

an(PO4)2 ZnSn0;: ZnSiOs 1.07:1.97:1.03 ZnSnO;

Ni-P-ZnSnO;
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The Properties and Compositions of Ni-P-Zn;(PO,),(ZnSnOs, ZnSiO;)
Electroless Nanometer Composite Coatings

MA Mei-Hua CHEN Jin-Xi LI Xiao-Hua PAN Tao XIN Xin-Quan

( Coordination Chemistry Institute, State Key Laboratory of Coordination Chemistry,

Nanjing University, Nanjing 210093 )

In this paper the effects of temperature, nanoparticle concentration and plating time on com-
posite coatings morphology were investigated by Scanning Electron Microscope (SEM) . The physical
chemistry natures of the Ni-P-Zn; (PO.) 2, Ni-P-ZnSnOs and Ni-P-ZnSiOs coatings have been studied
by weighting, accelerated corrosion tests, Auger Electron Spectroscopy (AES) and X-ray Photoelectron
Spectroscopy (XPS) . The results showed that the surfaces of the coatings are homogeneous, polished
and with strong corrosion resistance which is superior to As steel specimen, nickel-phosphorus coating
and phosphating film. For the Ni-P-Zn;(PO4)2, Ni-P-ZnSnO; and Ni-P-ZnSiO; coatings, the atomic
percentage compositions(% ) are Ni 70.00, P 12.47, Zn;(P0O.). 13.93, C 3.60; Ni 77.56, P
10. 00, ZnSnOs 9. 84, C 2. 60 and Ni 83. 00, P 10. 96, ZnSiOs 5. 15, C 0. 89, respectively.

Keywords: electroless nanometer composite coating Ni-P-Zn; (PO4):

Ni-P-ZnSnO; Ni-P-ZnSiOs corrosion resistance



