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Adhesive Wear Resistance of Brush Plated Coatings Based on In, Cu Single
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ABSTRACT: Objective To prepare various coatings with good self-lubrication and antifriction performance on Crl2MoV steel by

brush plating, select coating with excellent adhesive wear resistance to the frictional wear produced between the coating and auste-

nitic stainless steel, and improve the adhesive wear resistance of mould. Methods The Cu, IN single coatings and the nanometer

WFmEHA: 2015-09-26; E1THHA: 2015-11-01

Received : 2015-09-26; Revised: 2015-11-01

ESWE: | MNUEER AR TRE RS H (R EEIHE) (201414806 )

Fund: Supported by Innovate and Strengthen University Project of Guangzhou Maritime Institute (201414B06)

TEF BN : MOt (1957—) 58, BIHUR, 322 N SHiin G Jm AT E e 5 Jm UM 1 1) 2 T A8 A2 K il | A RAR - oR 17 P 45 D T ) 0 R
Biography : CHEN Yuan-di (1957—) , Male, Associate professor, Research focus; surface repair and modification of metal materials, and applications of weld-

ing technology.



- 90 - *® om AR

2016 4F 01 H

MoS,/Ni-W (D), MoS,/Cu composite coatings were prepared by brush plating, and the friction wear test of the coating and auste-

nitic stainless steel was conducted, with a load of 100 N and a wear time of 300 minutes. The wear mass loss was analyzed, and

meanwhile the wear results were observed and analyzed by SEM. Results The adhesive wear resistance of all coatings were im-

proved to varying degrees, but the wear mass loss was obvious for the Cu coating and Cu-MoS, composite coating within 120 mi-

nutes, with mass loss rates of 0. 105% and 0.136% , respectively. The mass loss rates of the In coating and the Ni-W (D) -MoS,

composite coating were 0.024 57 and 0. 031 74, respectively, showing excellent adhesive and wear resistance. Conclusion The Cu

coating and Cu-MoS, composite coating had certain adhesive wear resistance when the strength of workpiece was relatively low,

while the In coating and the Ni-W (D) -MoS, composite coating showed better abrasive resistance for workpieces with high strength

and obvious strain hardening, among which the Ni-W (D) -MoS, composite coating showed the best comprehensive abrasive resistance.

KEY WORDS:: In coating; Cu coating; Ni-W(D)-MoS, composite coating; Cu-MoS, composite coating; nano-MoS, ; austenitic

stainless steel; brush plating; adhesive wear; mould repair
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Fig. 1 Wear mass loss curves of test workpieces
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Fig. 2 Friction coefficient curves of test workpieces

Friction coefficient

IR FFRE R s, DR T B 2 b R A B 2 L
BT T RO R (A R B 2 TR S A e
B AT T IR R . In 20 I T R 8
PESE LTS AR HE T ARAIC 14 B 48 2R 400, 3 A I A 46
RHNZE I AN N,

2) 4% J 5%l 28 43 Sl & Ni-W (D) -MoS, % Cu-
MoS, B AHEZ, TATT Y EE 152 R BR 3  H T B JEs 4it
RN EBI 1TSSl Nl =Y 8% 18 WAN N} < £ I TR
N FEBS ST IASE J2 v 38 4 MoS, 9K ok A & A
IV B A R MOMURE A B LT Rl AR
1, MoS, 19 1A VIl ¥ FFITSR s 4 BB A5 DA G- e B, fif 1 R
PERBOE W T BRI FERE . Cu-MoS, P% J2 i) B8 2
ZHOH B H Ni-W (D) -MoS, 852 i, S 8UCH B 45 ™
A BT R i 2 A5 3 TR

3) 3*HIZR R Cri2MoV 314 0 B8 82 R K £k T
BRI EE 82 22 B0 /N 1E 60 min J BE4E R BT IR 1A B
LT, E 240 min 2B ERCKIEZ G T, BEEER
Berty b b T A 4 T RS BE I R X R &
A TRE I T BN AR . — B [E] S R TR E )
SRR | 2 T RLRE B SOA s/ | JBE J62 22 B3Rt 22 i )

2.2 RS

& 3 f& Cr12MoV B R EIE S A, Al LIE A
BN TR AL U AR EL 1) 2 1 0 2 R T B R
B EBVRE AL LR E AR E WA R B L R e A
TN TAEARTE A AR, SR TR AN N R
7 A R B, 5 B R RIS B L IR A TE
FRELE e BE R AR rh B 3098 ok, I BT SR
T2 T 850 M RHE LR R AR /N JRR A5, B
SHRE AR

S FaRw i 3
Iy / o 0 "
i g Y 4/ 7 v
< o : !
b 0 v X
¥ ' & ! y '
* N o py v 5 . ¥
s S0 ]
Y » /
4 ” & i
4 y \
¥ '
v it g
b i |
b ny \ ¥
) ! : 3
Y i & A 4 J ar
v y I & i M 4
; A i

K3 Cri2MoV iR EIEALIA (400%)
Fig. 3 Worn surface of Cr12MoV (400x)

&l 4 J2& Cu 952 3R M2 B R ETE A, Cu
ELA BT 0 I I S 2% 1 el 3R I A W o
HBWURHE , UL A — @ PURE & R Re . SRR B
A, s 2R 1 1 S /s AR B S A AL YA IR S R AR
FEABUE R ) RE 13025, T UB IR, 25
1 CrI8NiOTI 13X 2 T £k B 52 B & 174y BL FG A4 AN 455 49
XoF B, B ) 1) A AT S P i O AN e, X P B 2 LI
B T AR SR T4 2 TH ORS & BE 458 1) 02 A
B5,

B4

ot 2
b ESIR S R

K4 Cu BZEHOUIESL(400x)
Fig. 4 Microstructure of Cu coating(400x )

K5 0 In BRI M E R TIESLA, /] IR
H BRI R B T R ) Al B B R, ARG



F4ast 1

PRI : H T In, Cu BABEIRANZAOK MoS, 5245 B FEL Il B V= O BTORY 35 JE 0 1k RE A 5 .93 .

FESURIE , BT 5 ARG, A, In f5
LA 1 T R e R L 2 A B A S A [
715, FORE BEARAR, A EE B AR rh  In $ R AE BRI )
PIFERTR 772 A — PR A 1 i 2h 2, A 24 T — 2
JEE R R T R VR B DB AR A R BURG E
RES IO RS PR HERS B R — AR R, K
IR B RE R I R AT M BURG &5 BS B e ), (HLAE
AT AT RE DR B 5 R ARG IR In 8% )2 AR
FMAFBEWR, e SR EBIR T In %2 PR &
JEIRE T

& 6 f& Cu-MoS, B% )2 J 9% )2 FE4 5 1 2= Y 41
Bl AT LAE 785 AN AN A X B8 5256 v, Cu-MoS, 8%
JE R B Sk (AR R AL VAR B B AL 30 | 1T LS 4
AR,

ST, Cu S5 2 B4 B 5 454K, %F MoS, 44
KA RS HE AR, S 30 Cu-Mos, B )=
FRORE B AN . ZEBEARUINT MoS, 94 K THOk: P 4 By ik 41
T BUB T AR, BT DL R R R
8 EAE 5 R v L 5 BN TR A £ X 4 o
A A AT IS P E AN AE . MAIET 6b th AT & i, X b o
JEIR A S 0 T RS A AR, TS A IR e
B A TR R T PURS & B s B &

& 7 2 Ni-W (D) -MoS, 8% )2 M 8% )2 B i 5 1 3

™

15 In 822 HHO0TEHL(400%)
Fig. 5 Microstructure of In coating(400x )

TR S 1], LR 401 R T T S P S s 250 5 20 /N ) s 4
I, H Ni-W (D) -MoS, 8% )2 B9 it 1 #5 R AR/, %
BT B RAFIHURS A BB e ) S R T S
SIHTINR, Ni-W (D) BEAAHE 2 BLAT 5 e I i 3 L

e
* o piy ,'w,".‘

:.'3‘8"’ :’{"”

'

b AU R IETE AL

El 6 Cu-MoS, 82 HOMIESH (400%)
Fig. 6 Microstructure of Cu-MoS, coating(400x )

b S R
Fl7  Ni-W(D)-MoS, HEJZHOMIES (400 )
Fig. 7 Microstructure of Ni-W (D) -MoS, coating(400x )



.04 . *® m oA

2016 4F 01 H

WA EE AT I8 7940V, I IR G5 Ni-W (D) 85 )21
B T ARSI S HE MoS, 4K IORE 4 1 1, T8 il fil
BT A E GEZ . [FIRE MoS, 4KM0h 5 4@
Fm HAT R B W B 7, O HLHAG AR AR A JEE 82 R 4K,
— A 0.03 ~0. 1017 X Fh MoS, Akicki B A
LB E I T AR T, —H R E S EAE
FLA ARG it B | TRV ELAG R4 v R T A5
PUKGE BE 7 W] 4R 00 A Ni-W (D) -MoS, &
AL R R ORGS0 AS 21 B 0 s B T
T8 R AR s, SR PR ) 2 e e R
) (R ek ] 5 O B 22 O 6 B 448 ) ) 178 s 452 s 4t
PERERY iRAS 2 T Mok ik 2 p R Y

3 Fig

1) AW Cu, In B2 A8 LA BURERE ST, H In
YEZREIE R — 2 2 AU BEOIR ARG 2, A T R 1Y
FETEE R T R OL TS Pk e 7E T R E e (1Y
JE A T RE W] S B AL A UK e

2) Cu-MoS, BAWA —E MBI ERES) (Bl T
Cu FEAARHK, X MoS, L2 IS 88 1 HL #0559 , 76 X %
R, Cu-MoS, HYHY MoS, WURLZS Sy Bl 3t e BB 454
7%, S B S AN AR N TE A R 4 R 0 R i A
Gy AN AR T A T,

3) REIERAR T S A Ni-W (D) -MoS, 88 JZ IR B H
AR S I BTRS 2 RE ) A 2R A I S ik R R
LRI Ni-W (D) X} MoS, 58 F1 S £ 68 10k, B il 45
GRE R R A9 )2, VE N EAR R Ni-W (D) 852
LA v R R LG S e D BRI A ) R A
MoS, ZHKBdckr FLAT R 4 (%) 9k 5 14 AN 13 Y 1R fig
AR B UR T AR 4 N 2RI T AR
CROPUNTE BB AR

52 Sk

CU] e, X IS, it P 40 -5 EE 4~ A e [ M.
aC Az Toll Rk, 2014.
GAO Wang-zhen, LIU Zuo-ming. Surface Wear Resistance
and Tribology Material Design[ M ]. Beijing: Chemical In-
dustry Press,2014.

[2] it X2, R TR EOR[M]. Jbat: [ Tl
HiRRE 2002,
XU Bin-shi, LIU Shi-can,New Technologies of Surface En-

gineering [ M ]. Beijing; National Defence Industry Press,

[4]

[10]

[11]

2002.

BELE, FRoCIH 6. HRBE Ni-W (D) HLRR 82 Y
BB SE[ ] BB 5441 ,2002,22(3) 1 180—
183.

JIE Xiao-hua, CHEN Yuan-di, XIE Guang-rong. Friction
and Wear Behavior of Brush Plated Ni-W (D) Layer in Oil
Lubrication Sliding Against a Mild Steel [ J ]. Tribology,
2002,22(3) .180—183.

PRI, FRIGEAE SRR Ni-W (D) il B )2 7456 AL AL B % 451
XITHEMBEME MR [)]. REHEA,1999,28 (5) .
21—22.

XU Jiang, JIE Xiao-hua, WU Qiang. Study on the Ni-W(D)
Brush Player Secondary Strengthen and Phenomenon of Ele-
ment Enrichment on Wear Area[ J]. Surface Technology,
1999,28(5) :21—22.

JEAE, ZEFTT. AL HE NP A Ni-W-P & 4 i 45 S vk
REMIWTFELT]. FRMIHA ,2000,29(3) :5—7.

TANG Rui, JIANG Bing-yuan. Study on Structure and Per-
formance of Electroless Ni-P and Ni-W-P [ J]. Surface
Technology ,2000,29(3) .5—7.

5B, B R, b A Ni-P-MoS, T
ZHIREHTE [T ], PR R =47 ,2004,9(3) 49—
52.

XU Fang-chao, HU San-yuan, LI Chang-lin, et al. Techno-
logical Investigation of Ni-P-MoS, Electroless Composite
Plating[ J ]. Journal of China Agricultural University,2004,
9(3) .49—52.

B, NI-P-MoS, 17752 5 B J2= ) i 45 B L iE T REAE
FELI]. LB 53 ,2010(8) :123—125.

CAO Jian. Study on the Preparation and Self-Lubricating
Property of Ni-P-MoS, Electroless Composite Plating [ J].
Machinery Design and Manufacture ,2010(8) :123—125.
HOPFIT , (7256 N5 4 T A8 A 5L SR 3800 W B B Lk K
BEHEL )] $51E AR ,2007(8) :1149—1150.

DONG Geng-ye,HE Xiao-mei. Measures of Failure Analysis
and Adhesion Abrasion for the Stainless Steel Piping Mold
[J]. Casting Technique,2007(8) ;:1149—1150.

e AR B PR 5 B A 5 728 T JRE 406 7 1k
58 ms[)]. TR5E,2014(3) :17—20.

GAO Zhi,SONG Dong-dong. Study on Coupled Friction and
Deformation Experiment of Austenitic Stainless Steel [ J ].
Engineering & Test,2014(3) :17—20.

TG, 945K MoS, MIEEE = HFIE[T]. A @48, 2006,
58(4).5—38.

YU Xu-guang. Tribological Property of MoS, Nanomaterials
[ J]. Nonferrous Metals,2006,58(4) : 5—S.
I, G E RBE 55 MoS, S BEXT Ni B [ A1
TRIZVERERYRZ R [T ]. b1 oL EA AL 3 52 417, 2007,28 (4)



FasE F 1 BRIt . F5 T In, Cu BABERANANK MoS, &2 A 85I BB )2 MO BURG 5 BS : REAFF 5% . 95 .
135—138. [16] EEE AR+, T 355 SR N RIA% In/Ni & 14

[12]

[13]

[14]

LI Fang-po, WANG Yin-zhen, PAN Jiao-liang, et al. Influ-
ence of MoS, Content on Properties of Self-lubricating Nick-
el-base Coatings [ J ]. Transactions of Materials and Heat
Treatment ,2007 ,28 (4) :135—138.

FRIEA. Zn-MoS, H 1 SR MBIFE[T]. KL
A,2004,33(4) ; 28—29.

GUO Guo-cai. Study on Self-lubricating Composite Coating
of Zn-MoS, [ J ]. Surface Technology,2004,33 (4) . 28—
29.

FAE SR T A SR MR A 40K Mos,
WURLAZIR [ ]. PR A2 4l ( FLARBLARR) L, 2009,40
(3): 676—0680.

WANG De-zhi, WU Zhuang-zhi , LIANG Xun, et al. Effect of

Surfactants on Preparation of MoS, Nanoparticles[ J]. Jour-
nal of Central South University ( Science and Technology) ,
2009,40(3) : 676—680.

ThR L, X SRR, X SO R A5 R 52 0 TR 3R B T 5
[J]. GRS R RS2 40 s FARBEE AR, 2001 (1) : 74—
76.

MA Li-xin, LIU Yi-xiang, LIU Wen-xin. Study on Adherence
Abrasion and Influenced Factors [ J ]. Journal of Harbin
Commercial University: Natural Sciences Edition, 2001
(1), 74—76.

AIULLE  ARIE A, T AE Aok BRI EE In J2 B AR R
PRBE T EER A AEREDT ST )], TREARL, 2011 (2) : 79—
83.

SI Hong-juan, XU Bin-shi, WANG Hai-dou, et al. Tribologi-
cal Properties Research of Nano-electro-brush Plating In
layer in Vacuum Radiation Environment[ J]. Journal of Ma-

terial Engineering,2011(2) . 79—83.

[17]

[19]

[20]

[21]

T U R EE A TR A R [ )] S B SHOR 2R,
2011,31(2) :154—160.

MA Guo-zheng, XU Bin-shi, WANG Hai-dou. Influence of
Environmental Pressures on Tribological Properties of In/Ni
Lubricating Layers Deposited By Electrical Brushing [ J ].
Chinese Journal of Vacuum Science and Technology,2011,
31(2) :154—160.

DONNET C, MARTIN J M. Super-low Friction of MoS,
Coating in Various Environments [ J]. Tribology Interna-
tional ,1999,2(9) :123—128.

0, R, 5K 5252 55 g K A SHAE S i i aih S
IR BB R REOT ST [T ). T 5 5 £, 2014,39(9) :
91—95.

LI Bin,XIE Feng,ZHANG Meng-meng, et al. Study on Tri-
bological Properties of Nano-MoS, as Additive in Lubrica-
ting Oils[ J]. Lubrication Engineering,2014,39(9): 91—
95.

LINCE ] R. Tribology of Co-sputtered Nanocomposite Au/
MoS, Solid Lubricant Films over a Wide Contact Stress
Range[ J]. Tribology Letters, 2004 ,17 ;419—428.

LINCE J R,HILTON M R,BOMM A S. Metal Incorporation
in Sputter-deposited MoS, Films Studied by Extended X-ray
Absorption Fine Structure [ J ]. Journal of Materials Re-
search,1995,10,2091—2105.

ERIE A FME. 5 43R MoS,/TiN & 4 1k 2 1 BE 42
PEREBEFE (1], KA ,2010,39(2) : 11—13.

WANG Li-jie, YANG Jun-sheng. The Study on Tribological
Properties of MoS,/TiN Composite Coating on the Surface of
Titanium Alloy [ J ]. Surface Technology, 2010, 39 (2):
11—13.

(EBF% 74 W)

[20]

[21]

WU, YUK, BRAE = S Al SRR LA e ML B PR
[J]. B 54, 2012,34(2) :26—30.

XIE Hong-bo, JIANG Bing, CHEN Hua-san, et al. Discus-
sion on the Mechanism of Electroless Nickel Plating[ J].
Plating and Finishing,2012,34(2) ;26—30.

PREFH. 80 BES Sr myLE S T2 D], K
IR 72012

CHEN Jin-ri. Research on Mechanism and Process of Elec-
troless Nickel Plating on Al and Mg Alloys[ D ]. Changsha .
Hunan University,2012.

[22]

[23]

SRR, B85 5C. LFHE Ni-Cu-P & &I HLELBT T[] ],
R A ,2004,33(2) :29—31.

ZHANG Chao-yang, WEI Xi-wen. Study on the Mechanism
of Electroless Ni-Zn-P Plating Alloy[ J ]. Surface Technolo-
2y,2004,33(2) :29—31.

ORI FE M PRI I S B P BOR [ ML st ke T
b AL, 2011,

GAO Rong-jie, DU Min. Marine Corrosion and Protection
Technology[ M ]. Beijing: Chemical Industry Press,2011.



