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ABSTRACT: The work aims to improve corrosion resistance of metal materials in marine environment. Ni-Zn-P alloy coating
and Ni-P/Ni-Zn-P bilayered composite coating were prepared on Q235 steel by virtue of chemical plating. Surface morphology
and fracture surface of the coatings were analyzed with SEM and EDS. The Ni-P/Ni-Zn-P bilayered composite coating was
more uniform and smooth than Ni-Zn-P alloy coating, and the cell boundary was more continuous and dense as well. Cross sec-
tion thickness of Ni-Zn-P alloy coating was about 6.5 pm, and Zn and P mass fraction nearly 4% and 14% respectively. Overall
thickness of Ni-P/Ni-Zn-P bilayered composite coating was about 7.5um, thickness of inner coating about 2.3 um, P mass frac-
tion about 9%; the outer coating about 5.2 pm, Zn and P mass fraction of about 5% and 11% respectively. After being corroded
for 144h in 5% solution, the Ni-Zn-P alloy coating was severely damaged and many cracks were present. The Ni-P/Ni-Zn-P bi-

layered composite coating remained intact and was subject to localized corrosion instead of serious damage, indicating that the
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bilayered coating was more resistant to corrosion. Corrosion rate of Ni-P Ni-Zn-P bilayered coating was significantly lower than

that of Ni-Zn-P alloy coating, corrosion resistance of the former was better as well.

KEY WORDS: Ni-P/Ni-Zn-P bilayered coating; Ni-Zn-P alloy coating; chemical plating; corrosion resistance
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EHRSE A 20 mm*25 mmx=0.9 mm ) Q235 iKhx
BAREIE T A, HAR 2R W3 1. R — T
FL, ¥EE GB/T 5776—2005 [HLE AT AN H
B, SHAFER I 6007, 8007, 10007, 1200%, 1500
WhACHEATAT IS, 228 TR Uk SRJ5 ., iXFETE 60 ~
80 CHUBRIMIE-PALTE, FHZBF/KIEVE; FE 10%
FOER R T W IR 0 30~60 s [ 25 R T A ALY s I
IRFETE 5% WL FR TP AL AL ], 15 3 30RE ) 328 1T 72 15
SR 1k .

&1 Q235 EEMLZER S
Tab.1 The chemical composition of Q235 steel wt%

JLE C Si  Mn P S Cr Ni
4 016 019 062 0.03 0.014 0.031 0.012

1.2 {LZE¥E Ni-P/Ni-Zn-P WEESEERM
Ni-Zn-P & EE

274 Ni-Zn-P &5 & 422 1 Ni-P/Ni-Zn-P W2 E
GBHERPER R LT 2S5 2,

R Ni-Zn-P G492 T2 WA HS B3k
— 60 min Y Ni-Zn-P—7K¥E— T4

Ni-P/Ni-Zn-P XUZE GHZR T2 . WAbHEH
IFE—2E8 20 min B Ni-P—H-4¥ 60 min i Ni-Zn-P
—IKPE— T4

K2 LFEYE Ni-PF Ni-Zn-PERKSETESH

Tab.2 Electroless Ni-P and Ni-Zn-P bath composition and
process parameters

PR 5 T35 Ni-P Ni-Zn-P
R (gL™") 20 24
YO AN/ (gL™") 20~25 16~25
BEREE (gL™') 0.6
TR (gL™") 40
FrgmReN/ (gL™") 50

SERER (gL7h) 16
T (gL™) 18
pH 4.6~5.1 9~10.5
B/ C 85 85

1.3 it fhpEscLg

K HERASH 7 R 7E HH-S 2S 0 18 IR /K 7650
HEA T P S . SEER IR RS IR (25+1) C,
A TS 5%NaCl K, WO R ARIESE 1 em?
WA AUR D F 20 mL 14 .

B LL &S Ni-Zn-P & 4852 R
Ni-P/Ni-Zn-P X2 5 A 9% 2 50RE B8 B A A i
o, AR R B VR AT 20 mm, SCEREIM 6. 12, 24,
48, 72, 96, 120, 144, 168h iC %4 RAE I il il
JE R TR, MR EFR GB/T 5667—2005 J7 R . W
Yo, TR, fETEES T 24 h FARE

1.4 SHHRIESHTZH

% 2% 7] B 485 1 Quanta 650 FEG 37 & B4
M7 Wi (SEM ) WLE)E i s 45 2 i 4L B 50,
K HBEE 01X (EDS ) X 8% 2 Wr i dk 471 17404 o
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Fig.1 The SEM image of Ni-Zn-P alloy plating layer and Ni-P
/ Ni-Zn-P double-layer composite coating

KM EDS HiAR, AW )Z RS, 2R
B 2 gk 3. MK 2 Fnge 3 Hnl LA H B Fh % 2 A0 R
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EEF Rz, HA R0

% 3 Ni-Zn-P &£ ¥EEM Ni-P/Ni-Zn-P WEESER
RE RS

Tab.3 The coating surface composition of Ni-Zn-P
alloy plating layer and Ni-P / Ni-Zn-P double-layer

wt%
B2 Ni P Zn
Ni-Zn-P&4shi)2 8133 13.80 487
Ni-PNI-Zn-PRL o) 45 12.39 5.18
EREHZE

2017 4 4
1.8—
Ni Ni Element  wt/% at/%
14l PK 13.80 23.39
: Nik 81.33 72.70
Znk 4.87 391
1.1F Matrix Correction ZAF
=
2 o7t | p
0.4+
Zn
0.0 - =
2 4 6 8 10 12 14 16 18 20
Energy/keV
a Ni-Zn-P
1.9 :
) Ni Element  wt/% at/%
150 Ni PK 12.39 21.24
Nik 82.43 74.55]
Znk 5.18 4.21
= 1.1 Matrix Correction ZAF
v P
2 0.8}
0.4+
”Zn
007=574 6 8 10 12 14 16 18 20
Energy/keV
b Ni-P/Ni-Zn-P

P2 Ni-Zn-P 545821 Ni-P/Ni-Zn-P XUZE 4842 EDS [
Fig.2 The EDS figure of Ni-Zn-P alloy plating layer and Ni-P
/ Ni-Zn-P double-layer composite coating
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Fig.3 The Ni-Zn-P alloy coating of section topography and
composition diagram
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Fig.4 The Ni-P/Ni-Zn-P double-layer of composite coating
section topography and composition diagram
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Fig.5 Relationship Ni-Zn-P and Ni-P/Ni-Zn-P coatings corro-
sion rate and time
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Fig.6 The photomicrographs of Ni-Zn-P alloy coating and Ni-P/Ni-Zn-P double-coating rust after corrosion
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