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Abstract: Ni-Co-BN(h) nanocomposite coatings were fabricated by jet electrodeposition at different jet voltages and speeds.
The surface morphology, crystal structure, microhardness and friction coefficient of the coatings were investigated and
analyzed by SEM, EDS, XRD, a microhardness tester and a friction abrasion tester, respectively. The results show that each
element in the Ni-Co-BN(h) nanocomposite coatings is distributed uniformly. Except for the sample fabricated at 0.5 m/s,
there is no serious nanoparticles cluster phenomena on the coatings surface. The new coatings are crystalline structures with a
finer grain size. Ni (111) and Co (111) are the main growth plate and a single phase (o) solid solution is transformed between
Ni and Co. The parameters of jet voltage and speed both have influence on the surface morphology, microhardness and self-
lubricating properties of Ni-Co-BN(h) nanocomposite coatings. If the jet speed is too low, the service life of the coatings will
be reduced signiticantly. When the parameters are at 1.5 m/s and 18 V, the Ni-Co-BN(h) nanocomposite coatings have the
highest microhardness, the lowest friction coefficient and better self-lubricating properties.
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Table 1 Composition of the solution used in the experiment

Solution

Composition

1# Electro-hydrostatic / (g'L™)
2# Activate fluid / (g'L™")
3# Activate fluid / (g'L™)

25.0 NaOH+21.7 Na2CO3+50.0 NazPO4+2.4 NaCl

25.0 hydrochloric acid+140.1 NaCl

141.2 Na3CsHs07:2H20+94.2 H3C¢H507-H20+3.0 NiCl2-6H20

200.0 NiSO4:6H20+5.0 CoSO4-7H20+50.0 NiCl2:6H20+30.0 H3BO3+

Plating solution / (g-L™")

0.05 sodium dodecyl sulfate+0.002 sulfourea+5.0 BN(h) nanoparticles
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Fig.1 Morphologies of Ni-Co-BN(h) nanocomposite coatings fabricated at different jet parameters
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Fig.2 EDS analysis of Ni-Co-BN(h) nanocomposite coatings fabricated at 18 V and 1.5 m/s
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Fig.3 XRD patterns of Ni-Co-BN(h) nanocomposite coatings
fabricated at different jet parameters
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Table 2 Grain size of Ni element in Ni-Co-BN(h) nanocomposite

coatings

Crystal orientation 26/ (°) /() FWHM D /nm
Ni(111) 44.598 22.299 0.564 47.306
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Fig.4 Content of N element in Ni-Co-BN(h) nanocomposite coatings at different jet parameters
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Fig.5 Microhardness of Ni-Co-BN(h) nanocomposite coatings and Ni-Co alloy coatings fabricated at different jet parameters
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Fig.6 Friction scratch of Ni-Co-BN(h) nanocomposite coatings



110 $ B x @ L & 2018 4F
020 —o— Ni-Co-BN(h) nanocomposite coatings 0.079, Ni-Co & 48 )2 1917 25 B8 482 P 50
018 | o o Alloycontines 0.170 FEAE3 0.129, YBHH T 1.5 m/s HhnF]
g“m" K\\\\\\\w///a 2.0 m/s I, Ni-Co-BN(h) 44K 5 458 J2 i SF- 24 )58
ER PEIHON 0,083, Ni-Co 2 4B J2 17 4 B I B
gony 0,146, BVERE P A FIGWEE L, REASHE
= oo — EE R TUR R, IR 0 W,
008 T JE AR ) SRR SE RN I Bt . 3 s/
006 > " ” OIS o 2 AN T4 2 A AR, RS Sk

Jet voltage / V
(a) Friction coefficient at different jet voltages

0.20
—o— Ni-Co-BN(h) nanocomposite coatings
0.18 | —e— Ni-Co alloy coatings
s 016 +
1)
2
£ 014 L
3
go012f
3
= 010 R
0.08 | D\n\_g/ﬂ
0.06

0.5 1.0 1.5 2.0
Jet speed / (m-s™")
(b) Friction coefficient at different jet speeds

B 7 AREBEEFZECR H £ 1 Ni-Co-BN(h) 44K & 482 M
Ni-Co & 42 M EE B2 5L

Fig.7 Friction coefficient of Ni-Co-BN(h) nanocomposite coatings
and Ni-Co alloy coatings fabricated at different jet parameters

H &l 7(a) FTAT, Bl WS RAE 14~18 V i
FEL D AN T R, 90 e 8 2 1 8 4 DR 0359 A O
ik, Ni-Co-BN(h) ZKE A 882 V-2 EE K EON
0.092 B3 T 0.079, Ni-Co & 442 11 14 g
O 0.176 F#AKF] 0.129, M4meitrL R 18 V 48
20 Vi, Ni-Co-BN(h) 44K 52 4555 2 (1) - 44 g
P2 DR B R b T, T R A DR RO
0.081, Ni-Co & 4882 0 -4 B R E Kol
0.136 3Kl T 24 o FRACAIRAT, Rl Mot i e F 1Y)
WK, BERMDURRE R, A 1S 21
FRE, YR RET, PRI, BT
PR BECEEMRE R, 5200 B
B BT T

I & 7(b) AT, BE A WG A A G I, Ni-
Co-BN(h) 4k A4 2 A1 Ni-Co A 442 M EE
PRI R SR RIS TS AR i 3 . e )i
B 0.5 m/s BEHNF 1.5 m/si, Ni-Co-BN(h) 41k
5GP EEZ 0 S EE RO 0.093 BRI 2

RobF—8utee2s, £mBE &, X T Ni-Co-
BN(h) KRG SR, A B R R A R BE
JE P EGEGUOR BRI AR E , e SR h gk
PR E i, R AR AR BRI

3 & 8

(1) R 5 R TUREE R TE 45 BFEAR L il 45
T Ni-Co-BN(h) 49K E 5857 . SEM M5 R 3K
HH, TSR E RT3k 1 2 b R X 8 2 1 2
RS Asg ], Y H N 14 V B3] 18 v
B, 95 2R UK SRR, AR RS AR S
¥i5), YRR RS, YRR 18V
HamE] 20 V EF, SRR, RSP B
2%, RMEFEE TR, MBHEES 0.5 m/s
F, 9% )2 R AU BN(h) 49K B0k ] 7% 20
%, BEE WU HEE AN, 9K ISR A 5 B A
PN, SRR R0k, YR M 1.5 m/s
HEINE] 2.0 m/s B, BEE R SR Ak, $E2
I AY BN(h) Gk Fivk: B B0

(2) R FH e S5 A B0 R R BT il 4% 1 Ni-Co-
BN(h) 1Kk E G2 RS, Ni(111) f
Co(111) AHFE A KM, NiJET5 Co R FEIE
BT 1 o AHEENAAR . ST 1.5 m/s, WS
STHUEA 18 V BISE T BF45# Ni-Co-BN(h) 44K
HAYEZM EDS ReiGEI R W], $E23K 1M BN(h) 44
KITRL AR 45), T A4

(3) BN(h) 44K UKL iIn AXF Ni-Co & a4 )2
F14) I8 W R R R 4 DR RS 38) 7 A T 3 KA IE 1] 5%
M o 25 8 S P R R S 8 & A UE B, Ni-Co-
BN(h) 4Kk & A48 )2 H1 Ni-Co A48 )2 1Y W1 s
JEFNBE S PRV BUSE 34 A A ot 2 Tt S L P ) 34
T, B G ARORE R S SR R R N R R
B I SR8 N R R AR R R Bl T A R
(BN, B2 A A S B S RS N, R



%24

ZARAE, A BEFSHON Ni-Co-BN(h) 49K 55582 4540 K i EE L 52 111

PRIRSCE S Sl N 5 3 K AR A ka4, X me i el
JEA 18V, BN 1.5 m/s BF, Ni-Co-BN(h)
YUK G IR fe sy, PEAREPIRORAT, PE2
FI R A UREE R B TR RE

B3Rk

(1]

Ui B4, R, 9O, 45, 21 20 3R 1m TR K R A T].
o [ FE TR, 2001, 14(1): 6-11.

SHI C X, XU B S, ZHANG P, et al. Development of surface
engineering in the 21st century[J]. China Surface Engineer-
ing, 2001, 14(1): 6-11 (in Chinese).

R, R, PR R TR SURRRE R R R[] h
[EI 0 TA2, 2011, 24(2): 5-16.

XU B S, TAN J, CHEN J M. Science and technology devel-
opment of surface engineering[J]. China Surface Engineer-
ing, 2011, 24(2): 5-16 (in Chinese).

IREATE, WCESC. Fem TR & b B (D). b E SR m T
2, 2012, 25(5): 1-5.

TU S J, OU Z W. Development and consideration of surface
engineering[J]. China Surface Engineering, 2012, 25(5): 1-5
(in Chinese).

EEE, 446, k. IITRRSHITR Ni-Co-ALOs HZA&H
B ZEERERER]. A PPEIEEAR, 2011, 28(2): 160-164.
WANG G F, JIN H, ZHANG K F. Effect of additives on
mechanical properties of Ni-Co-Al203 composite fabricated
by electrodeposition[J]. Acta Material Composite Sinica,
2011, 28(2): 160-164 (in Chinese).

FIBF, #5E0R, KW, 55 Ni-Co-WC+G E A HHEZN
HLVGEEBIEBIEREL]. MOBMIFTE 2R, 2017(3): 195-202.
WANG X S, YANG G R, SONG W M, et al. Microstructure
and wear resistance composite coatings Ni-Co-WC+G[J].
Chinese Journal of Materials Research, 2017(3): 195-202 (in
Chinese).

M7, TR B B A ik be B & BRI i P BE L], AR
#1,2017, 50(2): 1-4, 14.

LIU J. Corrosion resistance of silane composite film doped
with zine-nickel particles[J]. Materials Protection, 2017,
50(2): 1-4, 14 (in Chinese).

ZAMANI M, AMADEH A, LARI BAGHAL S M. Effect of
Co content on electrodeposition mechanism and mechanical
properties of electrodeposited Ni-Co alloy[J]. Transactions of
Nonferrous Metals Society of China, 2016, 26(2): 484-491.
JIANG Y C, XU Y H, WANG M, et al. Effects of pulse plat-
ing parameters on the microstructure and properties of high
frequency pulse electrodeposited Ni-Co-ZrO2 nano-compos-
ite coatings[J]. Journal of Materials Science Materials in
Electronics, 2017, 28(1): 610-616.

KARSLIOGLU R, AKBULUT H. Comparison microstruc-

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

ture and sliding wear properties of nickel-cobalt-CNT com-
posite coatings by DC, PC and PRC current electrodepos-
ition[J]. Applied Surface Science, 2015, 353: 615-627.
WANG Y X, TAY S L, WEI S H, et al. Microstructure and
properties of sol-enhanced Ni-Co-TiO2, nanocomposite coat-
ings on mild steel[J]. Journal of Alloys & Compounds, 2015,
649: 222-228.

TRIRE, SR, T —FE, 4F. B BT Ni-Co-ALOs BE)Z
PERERIRZIR[T]. A (L Im (RIRIRAD), 2015(4): 59-62.
ZHANG J W, SUJM, WANG Y Y, et al. Effect of ultrason-
ic on property of Ni-Co-Al2O3 coatings[J]. Nonferrous
Metals (Extractive Metallurgy), 2015(4): 59-62 (in Chinese).
FAr e, FHE, BETHERE, 25, Ni-Co/4 K& NG B A3 R
BB TERERBFFE[T]. T E 2R 1H T2, 2005, 18(1): 24-26.
WANG L P, GAO Y, XUE QJ, et al. Study on the Anti-wear
Behavior of Ni-Co/Diamond nanocomposite coatings[J].
China Surface Engineering, 2005, 18(1): 24-26 (in Chinese).
FNIT B, B, R, 2. 202 Fr T Ni-Co-ZtO2 &
2% T SR B R B M RE RO S M [1]. N T iAA3R, 2014,
43(6): 1555-1560, 1567.

SUN W C, SHE X L, HOU G Q, et al. Effects of ZrO> con-
centration on the microhardness and abrasive resistance of
Ni-Co-ZrO2 composite coatings[J]. Journal of Synthetic
Crystals, 2014, 43(6): 1555-1560, 1567 (in Chinese).

TANG P T. Pulse reversal plating of nickel and nickel alloys
for microgalvanics[J]. Electro-chimica Acta, 2001, 47(1-2):
61-66.

Dy BN, TRBRIR, REE, A5 IR F TURRAA K AR Y
FALZEIE A TN, ARRL2: 5 T, 2015, 23(3): 96-101.
YID G, SHEN L D, ZHU J, et al. Electrochemical corrosion
behavior of nano-crytalline nickle prepared by pulsed fric-
tion aided jet electrodeposition[J]. Materials Science and
Technology, 2015, 23(3): 96-101 (in Chinese).

WRENFS, B, FHSREE, 45, W B UTAR Ni-ALOs K&
P E A SURMEREL)]. MORHRR 5 TR AEAR, 2010,
28(6): 912-915, 929.

CHEN J S, HUANG Y H, TIAN Z J, et al. Structure and
properties of jet electro-deposition Ni-Al>O3 nanocomposite
coatings[J]. Journal of Materials Science and Engineering,
2010, 28(6): 912-915, 929 (in Chinese).

XNEZR, FI00, PRENAS, 5. BT FUARZALRI]. AR
2 5 TR, 2008, 26(6): 869-873.

LIU Z D, WANG J L, CHEN J S, et al. Experiment research
of preparing porous metal nickel by jet electrodeposition[J].
Journal of Materials Science and Engineering, 2008, 26(6):
869-873 (in Chinese).

A, AR, SR, 55 B TR B # Co-CrC2 B4
R T[], P EZRE TAR, 2016, 29(4): 75-85.



112

b @3 x T T

= 2018 4

[19]

[20]

(21]

[22]

[23]

[24]

WANG M, TAN J, WU D, et al. Process optimization of pre-
paring Co-Cr3C2 composite coatings by jet electrodeposition
[J]. China Surface Engineering, 2016, 29(4): 75-85 (in
Chinese).

T, R MR, 5. 3R R S L AU R AR R Y
T 2RI Alk T AR 2#4R, 2013, 29(19): 48-54.

WANG Y, KANG M, CHEN C, et al. Process parameters
optimization of increasing depositing rate for jet electrode-
position of engine cylinder[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2013, 29(19): 48-54 (in
Chinese).

F, Wetd, WFEN, . RSP B R G S 2
Kol S b R RE D). Al TAR224, 2014, 30(15): 54-61.
WANG Y, KANG M, FU X Q, et al. Anti-corrosion proper-
ties of Ni-P alloy coated on engine cylinder prepared from jet
electrodeposion[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2014, 30(15): 54-61 (in Chinese).
WANG Y, KANG M, JIN S W, et al. Electrochemical beha-
viour in process of electrodeposition Ni-P alloy coating[J].
Surface Engineering, 2014, 30(8): 557-561.

LR, Mt J5F COMSOL A rit I 4 BH AR S 15 31 F 52
[J]. FPENU T, 2014, 25(9): 1180-1185.

WANG Y, KANG M. Research on anode design of jet-elec-
trodeposition based on COMSOL[J]. China Mechanical En-
gineering, 2014, 25(9): 1180-1185 (in Chinese).

Wik, FRE, 50, 45, L mepe B e a3 05 B9 10
[7]. HUBRBETT S5 8F7T, 2014(4): 130-133.

CHEN C, KANG M, WANG Y, et al. Research on flow sim-
ulation and experiment of electric plating with anode
nozzle[J]. Machine Design and Research, 2014(4): 130-133
(in Chinese).

TR, R, AR, . BT EREE G B R L LS4
PEAB[I]. B T 51EE, 2015(4): 42-47.

[25]

[26]

[27]

[28]

[29]

[30]

ZHANG X Y, KANG M, SHAO Y, et al. Research on flow
simulation and experiment of electric plating with anode
nozzle[J]. Electromachining & Mould, 2015(4): 42-47 (in
Chinese).

A, o U, RRARL W H DURER IR & R TR BE iR iF
FE[T). BT S5HER, 2013(1): 16-18.

WANG Y, ZHANG J Y, KANG M. Experimental study on
the depositing rate of jet electrodeposition Ni-P alloy[J].
Electromachining & Mould, 2013(1): 16-18 (in Chinese).
BASF2E, A3k, MR, 45 P e B AR SR e (0], Hh ]
BB TFE, 2008, 19(6): 644-647.

MING P M, ZHU D, HU Y Y, et al. Experiment research on
microelectroforming with ultrasound stirring[J]. China
Mechanical Engineering, 2008, 19(6): 644-647 (in Chinese).
LIY, JIANG H, WAND D, et al. Effects of saccharin and
cobalt concentration in electrolytic solution on microhard-
ness of nanocrystalline Ni-Co alloys[J]. Surface & Coatings
Technology, 2008, 202(20): 4952-4956.

WANG L, GAO Y, LIU H, et al. Effects of bivalent Co ion
on the co-deposition of nickel and nanodiamond particles[J].
Surface & Coatings Technology, 2005, 191(1): 1-6.

FR. BT TTRURBE S B AT S MERERTTSE (D). HY
a1 RO IR, 2014,

WANG Y. Research on electrochemical behaviour and per-
formance of Nickel-Phosphorus alloy obtained by jet elec-
trodeposition[D]. Nanjing: Nanjing Agriculture University,
2014 (in Chinese).

X BEE . S Il P 4 DR B K i T S AR5 (D).
AU R ALK RS, 2005,

ZHAO Y P. Fundamental research on rapid prototyping
nanocrystalline copper oriented by jet electroforming[D].
Nanjing: Nanjing University of Aeronautics and Astronaut-

ics, 2005 (in Chinese).

(GHAESE: 30T



