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Fig.1 Structure images of each coating: (a) electroplating, (b) chemical deposition, (c) composite

coatings before corrosion, and (d) composite coatings after corrosion
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Table 1 Elasticity modulus and nano-hardness of each sample

Samples Elastic modulus/GPa Nano-hardness/MPa
Substrate 198.87 2947.8
Chemical deposition 320.46 10268.0
Electroplating 238.18 7281.5
Composite coatings 211.82 7354.5
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Table 2 Creep stress exponent of each sample

Chemical . Composite
Samples  Substrate . Electroplating p
deposition coatings
Creep stress
P 253.4 60.4 307.0 304.1

exponent, n
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Fig.4 Scratch morphologies of each sample: (a) electroplating,

(b) chemical deposition, and (c) composite coatings
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Table 3 Coating film adhesion force of each sample

Chemical . Composite
Samples . Electroplating .
deposition coatings
Adhesion force/N >28 24.52 >28




.+ 794 - WA SRR T

46 %

K5 & R Rl phak i 3

Fig.5 SEM images hot corrosion surface of each sample: (a) substrate, (b) electroplating, and (c) chemical deposition
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Fig.6 Hot corrosion surface EDS spectra of each sample:
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deposition

TR IS N AR BN AT, AEREAT B U
B AL TR B, K FEA B A S O JuE, AT O JUR
(VAL S R it JES DR B, T LA A S 6 S et i g 7
H, QHEERR, HEERR.

K7 AR R AR R E AR RIRIES, 2
JE Sk BB RIIR 2/3 Kbi, MBS ETFARTTR, 44k
R, JTHRBLR R, BRI A, Wil 7a fos;
M 7b R G ZH, B EREERIRAR RN, 4
DA R, BERESHEEZEBONEE, 3

200 um

K7 3R S 5 052 I RIDR T 5
Fig.7 Scratch morphologies of each sample after hot corrosion:

(a) electroplating and (b) composite coatings

R G RAERIE KA T SEM LG s — i
R GOKREEE T, WERNAAEMEREES R
FIERIGIRBE AN 2, HBCAE Ml A B/, B2
F R O I Bl Sk N (B 9 LR T s Bl 3R
JER AR, SREEAT T BEAR .

FHRME 52 2B phR BT (0 87 0 0 45 F I, i
B ZE R BRI AL 2 7 AR L B, IR TR AR
W57 REUIR, WA WKL LR TR W], (i
JZEAT R IR 248 T e e A e bk, T AR 2
P IF AR PR RE SR o A B PR TR A8 e v 5 AL 2 A=
ML A BEA, (HXTEEM TS R mE 2, Ll E
o J2 b B — R AT A P RE LA, HLAE HAE Th
Ja S EMKSE N ERERZ

3 & i

1) S e A A PR D7 VA S AL A PE Ni-P
R Ni-Co-Mn B, E&ZMHTER & KK
EERPEREMIL, R R E62 5%
MEas &8s, FREaRES 2 MR e & 8,
Gty 1 AR R A ORI A 28 N, BLBL— %
RSS2



% 3

BN AEEPE Ni-P LB Ni-Co-Mn 526 J2 7 2 T i #A5 til 1E fig

*795 -

2) WA AR B A R R, T A
ey, HAHSRMIL T RERE, 2 Ftiss ik
Y REA R R B A BT R ok S A, AEE
ENA RSB TALE™ %, R R R L
KRR AL, ¥R RINE AR
BU B — R B 2 O AR PR R Y, HAVE S
MIE & iR E R %

3) X TN B AR Tk A= 2R, R A%
JEAERKE R BRI 2 T2 R £, AHT R
(564 2 08 5 B I L 2 b s — HAE P 5 5 7 [, Pl
AR AR AR, SREPERERLLF, X GE
SNARERETS, AT AMERERA E S

SE Rk

[1] Park H P, Onikura H, Ohnishi O et al. Precision Engineering
[J], 2010, 34(3): 376

[2] Chen T J, Chiou Y C, Lee R T. International Journal of
Machine Tools & Manufacture[J], 2009, 49(6): 470

References

[3] Tsubota T, Tanii S, Ishida T et al. Diamond & Related Mate-
rials[J], 2005, 14 (3-7): 608

[4] Huang W, Zhao Y W, Wang X L. Surface & Coatings Techno-
logy[J], 2013, 235: 489

[5] Jorge V A, Tanyakarn T, Mark P. Electrochimica Acta[J], 2012,
62: 63

[6] Wen Yuqing(i# %), Liu Zheng(x] ), Shang Wei(i% 1F) et
al. Rare Metal Materials and Engineering (%A < & # ¥l 5 T
F£)[J], 2009, 38(S1): 451

[7]1 Niu Yunsong(4: = #2), Wei Jie(ZE %), Zhao Jian(#&X &) et al.
Acta Metallurgica Sinica(<:J& ¥ it)[J], 2013, 49(12): 1617
[8] Tengsuwan S, Ohshima M. The Journal of Supercritical Fluids
[J], 2014, 85: 123
[9] Syuji F, Hiroyuki H, Hiroaki T et al. Journal of Colloid and
Interface Science[J], 2014, 430: 47
[10] Luo L M, Lu Z L, Tan X Y et al. Powder Technology[J], 2013,
249: 431
[11] Bai C Y, Lee J L, Wen T M et al. Applied Surface Science[J],
2011, 257(8): 3529
[12] shi L, Sun C F, Gao P et al. Surface & Coatings Technology
[J], 2006, 200(16-17): 4870
[13] Supriya S, Pratibha S, Gurdip S. Materials Research Bulletin
[J], 2013, 48(2): 739
[14] Li Y D, Jiang H, Wang D et al. Surface & Coatings Techno-
logy[J], 2008, 202(20): 4952
[15] Oliver W C, Pharr G M. Journal of Materials Research[J],
1992, 7(6): 1564
[16] Kan Q H, Yan W Y, Kang G Z et al. Journal of the Mechanics
and Physics of Solids[J], 2013, 61: 2015
[17] Zhang Guoshang(5k [ 1), Jing Hongyang(3#3:BH), Xu Lian-
yong(#% % ) et al. Transactions of the China Welding
Institution(J§ #2224k )[J], 2009, 30(8): 73
[18] Ji Feng(# %), Xue Songbai(F¥A4H), Liu Shuang(X| 7&) et
al. Transactions of the China Welding Institution (/& 4% %

#)[J], 2013, 34(2): 75

Mechanical Properties and Hot-corrosion Resistance of Composite Coatings
with Ni-P Chemical Deposition and Ni-Co-Mn Electroplating

Xi Xiaobo, Miao Hong, Jin Yifu, Zhang Ruihong, Zhang Jianfeng
(Yangzhou University, Yangzhou 225127, China)

Abstract: The composite coatings of Ni-P chemical deposition and Ni-Co-Mn electroplating were prepared by a process of chemical
deposition with later electroplating. The mechanical properties and hot-corrosion resistance of the coatings were studied by metallographic
observation, nanoindentation, nano-scratch, SEM, and EDS. The results show that the composite coatings have similar elastic modulus and
nano-hardness to the electroplating, while they are slightly lower than those of the chemical deposition. The composite coatings and the
substrate are combined well; the two layers, chemical deposition and electroplating also have good binding force, which exceeds the maximum
measurement value of nano-scratch, and is larger than that between single electroplating and a substrate. The tissue density of the chemical
deposition with the electroplating is higher than that of the substrate, as well as the anti-hot corrosion resistance and the oxidation resistance;
and chemical deposition in better than electroplating in these properties. Chemical deposition with later electroplating generates better binding
force than the single electroplating process, and it has faster coating growth rate than single chemical plating.

Key words: chemical deposition; electroplating; nanoindentation; nano-scratch; adhesion force; hot corrosion
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