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Effect of Nano BN Additive on Performance of Micro-arc Oxide
Film Formed on 1060 Aluminum
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ABSTRACT: The work aims to explore effects of BN concentration in electrolyte system on microstructure and performance of
the coating on aluminum in the method of micro-arc oxidation. Nano BN composite micro-arc oxide film was prepared by add-
ing 1~5 g/L nano BN additive of different concentration in silicate system solution. Microstructure, element distribution and
phase composition of the nano-BN composite micro-arc oxide film were characterized using scanning electron microscopy,
energy dispersive spectroscopy and X-ray diffraction. The effects of BN in electrolyte on thickness, roughness, microhardness
and wear resistance of micro-arc oxide film on 1060 pure aluminum were investigated using coating thickness gauge, roughme-
ter, microhardness and friction wear testing machine. BN particles were dispersed on the surface of micro-arc oxide BN compo-
site film. Performance of the micro-arc oxide film prepared by adding 3 g/L nano BN particles in electrolyte was the best. Pores on
the film surface were the least, pore size was the smallest, and the film surface was denser. The thickness was up to (93.8+1.9)
pm, hardness (942+51)HV, roughness Ra down to (3.66=0.14) pm, friction coefficient 0.55, wear volume decreased by 1.18x107

mm?®, and grinding cracks were smooth and cracks decreased. Addition of BN into the silicate electrolyte system can improve
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overall performance of the micro-arc oxide film on pure aluminum.
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Fig.1 The SEM morphology of micro-arc oxidation coatings prepared with different concentration of BN
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Fig.2 XRD spectra of the ceramic layer prepared by adding
different concentrations of BN
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Fig.4 SEM photo of the ceramic coating cross section under different concentration of BN

& 5 AN TRIHEEE BN X 82 0 B () 5 o 2 i
JERf BN W& B34 SeThm G RS, 78 3 g/L B H R
M RAE . XS R AE R B AR, BN B0k Ff il L A
7= A R 25 DR T SO SR B o 2 b, R il Y
ALO; —S A BE , A LR A L i 8 2 1 — 3R 4
BSIE T IBUHE N E A2 . 99K N BN A5 H
AW AR RS, I B U2 i S80S B s
T [ A 2 1 R

6 R TRl B BN X582 KL B (9 52 i) Bl
AR B 3G TN , B5E)2 A KRS B SE /N R G, AR
RS, Y BN RN 3 g/L i, BZEMH
BERE f /N RTRTE S 0BT as SRR, RNk BN

MR ZFLIR AR K, HakZ, X 5 3R A RLRE 4
Ko 4k BN (2 R ALBE I, 22 R BN HURE
JE R Y BN B9 KT 3 o/L i), L2 R4k BN
T A2 W R R B 4L A S 2 ) R, DRI 7 )2 3% i
TE W 22 A4 A) i HERUIR 282 , i 22 AR 55 71

23 HERELEEENEREZMER

P 7 ARl BE BN T I ] 5 A Bl 88 U J= 0 R 4
FRHI L . A ORESINAK BN #9222 A9 BE #5225
mK, Z0 0.8, HEEshEER . it TR
K BN HIEZ R LA AU 2, HRBSZHEOR, bl
EHKR BN A, BEHE RS ERFEAREY, >



. 44 - £ om OB A 2017 45 H
0.9
1100 |
0.8 0 &/LBN
1000 |- { 1 LBN
é 900 | _— 507 2 g/LBN
/////{ 2 5 g/LBN
% 800 % — g 4 g/LBN
5 3 0.6
£ 5 3 g/LBN
g 8
T 700 [ 205
s
600 F
0.4
500 F

0 1 2 3 4 5
Concentration/(g - L")
5 AR BN G520 B 09 5 )
Fig.5 Effect of different concentrations of BN on the
hardness of the films

52
5.0
4.8
4.6
4.4
4.2
Ei 4.0
<38
3.6
34
32
3.0
2.8
2.6

g

0 1

2 3
Concentration/(g - L™)

Fl6 ANl BN Xof 2 MRS B2 14 5
Fig.6 Effect of different concentrations of BN on the
roughness of the films

BN Wil 3 g/L W, FEIEEREUR/N, 4920 0.55,
ARG K BN 2 B BE 48 R B A, U4k BN B
B AN I BE R -

(&l 8 Sy AS [l o E 4 oK BN IS J2 il SR AR, AT L)
F i BEE BN U0 A8 0, AR BV N RS T .
KAIMAK BN B2 R ESUARUR K, A 3.82x
107 mm’; BEE K BN A9IR N, BESARBUTF G/,
M BN RN 3 /L I, 2R BRI/,
H72.64x107 mm’, SAG BN AYBZ A, B
FRFEAIR T 1.18x1072 mm’; ZRLLERANGNK BN, JHJZ Y%
PARBU S TFARIE N0 . Aok BN A9 )2 04 B B AR B
/N, UEBAGIK BN 0] LB i SO SR A B2 A i S 1 i

& 9 S s AN ) e JBE 4 BN S5 14 il 45 1 g i 12
FIBIRTES . W& 9a ATAFE W, ARGk BN
MR 2 R IR R 8 22, IR A R T5 i
], ELE 9b—d FTLAAE Y, BN BN LUG, IR
BAESE ., [ 9b Hgik BN YR 2 022 HORLDES A
-, HIR AR B EORE B RIVE G s B 9c—d
YK BN (1P % )2 A R AT, R BLK i e

0'30 2 4 6 8 10 12 14 16 18 20
Time/min
K7 IR E 4ok BN 2 i B 42 22 Hith 4%
Fig.7 Friction coefficient of ceramic coatingsprepared in the
electrolyte with different nano BN

Wear volume/(x1072 mm?®)
e = = b b W W
W o W (=) W (=) W

0 1 2 3
Concentration/(g - L™)

4 5

K8 IRV EEAIK BN JRJZ Y 5 i A4 AR
Fig.8 wear volume of nano BN coatings with different con-
centration

R A FE M 2R XU BRIk BN 1
JIESJ2 R BE PR A PR RS 22, TN 3 /L 402K BN A9 fiiE
2 M BRI R BN, SRR R D B IR S T
e, BEEREVERERT

i

PO AR AR 2 1) R R SO h T Bl A Al e 7
i i 25 ) AR BRSPS R, - P AR R il e [
e, 7RI N P, FLIR I F AR IS R R R A
IAAL B S SE A R A AL AL

A Ing oK BN AJ 48 g Gl AU P 6 T2 A B A e
AE, FURPOY . RESIMAK BN B2 6L L
TR Z , ROPEBOR, R U IR e — D 2 LA
BT OB I SR o X S R 2 T B R o RO T
A, IPRUR R B NP2 BRLR AL, R
VR B AR, FIURLIR A9 S AR50 R 1 D e i e
AU, WA INA ok BN B, Har . fLi Y
BOg AR, LI B RSHds )y, Sem R m, it
A DL R A PR S PR RESR 5 . BN B iR B Oy

2.4



Faots HsSM

BRFEARSE . 49K BN XF 1060 5R SRS AL 152 14 BE A4 52 1) 45

200 pm

200 SE(M)

¢3 g/LBN

3 g/L i, BEJZERYEEE R A AT

NGk BN J5, R E A 2R R |
HOAIRHE R, BN BYUSINE N 3 o/L i, JEEIRFE
K, M (93.8+1.9) um, FHNHIREEHREEIRK, N
(942451 ) HV, [a]H}F 2 B RURS B2 A%, A (3.66+
0.14) um, FEERKCH 0.55. 5KREM BN iEZ2
L, HEEBUARFEML T 1.18x107 mm’, A ¥ A4
e BORRERERORRAG, X SZ TR RE A — e R Ak

SIS T B9 KIS T BACT R AR /)N | B R T AR
K. REEIEE, HRARG A B0 2R G50
ST, TN SO . TR AR, B mE
AW EE ST . BT I INgk BN A2 ksl K
Ak BN Bk, XA T BRZ R,
FLARBE LE 7 1582 55 %5 I 7 %) B4 ik, A Ak ke e T
KB B A, IF HAEL T 948K BN B0k e 21
Tl VR L ol R 8 AR S R AR O k BN RS
Ty 4R, TR R, 1%ON T S5 R T B —
SRR SRR T 0, AR T AR R R )

3 #Hit

1) TERERRER A R i inid & A 400K BN 5ok, mf
DAl #48Kk BN eiHERONE L E A& 2, B2 EE
LR 1060 268 . Mullite, a-ALO; Fll r-ALO; #H M
BN FHZ A%

2) TERIASL BN 2 A RZ7RECE BN
ki, X4 BN JREWRELE] 3 /L B, JEZREE R
(93.841.9) pm, FEELINE] (942+51) HV, HHKEE
Ra %% (3.66£0.14) pm, FEEREUEE] 0.55, B

200 um

b1gLBN

200 pm

h' g/L BN
B o R EEAPK BN R UL 51

Fig.9 Wear trace morphologies of ceramic coatings preparedin the electrolyte with different nano BN

R T 1.18x1072 mm®, Jf ARG, %
38U

3) 4 BN (it ik Bl 0~3 g/L B, B BN Mk BE
OSSR FLIRA B9 BLAR DN, oS B2 B
Fom, G G R R R R, BRI AR
FEfit. >4 BN i N 3 g/L B, BEEREUR/D,
2 BN JREWKRERT 3 o/L i, BRZRE . W ihs
TEUG TR, MRS TG 1Tt

4) TERERRER HL R I A YK BN BB 254
A O E AL IR B 255 TR BE

S 30k

(1] B, vl 4BELR, 4% 2A12 a1k
FBIRPERENTFE)]. RIEHIAR, 2014, 43(5): 37—41.
QIAN Jian-cai, XU Bin, ZOU Hong-qing, et al. Prepara-
tion and Properties of Hard Anodic Oxide Coating on
2A12 Aluminium Alloy[J]. Surface Technology, 2014,
43(5): 37—41.

[2] LI Hong-xia, SONG Ren-guo, JI Zhen-guo. Effects of
Nano-additive TiO, on Performance of Micro-arc Oxida-
tion Coatings Formed on 6063 Aluminum Alloy[J]. Trans
Nonferrous Met Soc China, 2013, 23: 406—411.

[B]  RER, R, KEEH, 9K Sio, BRI

TR B R A B J2 T S P B 2 (0], R4
AR, 2013, 42(5): 42—44.
WU De-feng, LEI Yuan-yuan, ZHANG Xiao-yan, et al.
Effect of Nano-SiO, Additive on the Microstructure and
Wear Resistance of Micro-arc Oxidation Ceramic Coating
on Casting Aluminum Alloy[J]. Surface Technology,
2013, 42(5): 42—44.



- 46 -

Fom f

&

2017 4F 5 H

(6]

(10]

e, 55, R%, & oA —P 4 55-PTFE
SEUS IR 1 R (0], R AR, 2012, 32(2):
133—138.

HUO Xiao-di, WANG Qing, LIANG Jun, et al. One-step
Preparation of Graphite/PTFE Co-containing Self-lubricating
Coating by Plasma Electrolytic Oxidation[J]. Journal of
Tribology, 2012, 32(2): 133—138.

HOPE, GKIEHE, SRAERG 2. K a-ALOS IR S A
ST EABEETERERIZ I [T]. RIEHIR, 2014, 43(4):
43—47.

HUANG Dan, ZHANG Xiao-yan, WU De-feng, et al.
Effects of Nano a-Al,0O; Additive on the Performance of
Micro-arc Oxidation Coating Formed on Aluminum Al-
loy[J]. Surface Technology, 2014, 43(4): 43—47.

M, RENE, W), S AURA SN ZMS BEE
G TR AE AL Bl 8 V2 PR A A PERE (0], b R T TR,
2013, 26(2): 45—50.

YANG Zhi-cheng, WU Xiang-qing, XIE Fa-qin, et al.
Tribological Properties of MAO Coating with Nano- gra-
phite on ZMS5 Magnesium Alloy[J]. China Surface Engi-
neering, 2013, 26(2): 45—50.

WU Xiao-hong, QIN Wei, GUO Yun, et al. Self-lubrica-
tive Coating Grown by Micro-plasma Oxidation on Alu-
minum Alloys in the Solution of Aluminate-Graphite[J].
Applied Surface Science, 2008, 254(20): 6395—6399.

LI Hong, SUN Ye-zi, ZHANG lJin, et al. Effect of ZrO,
Particle on the Performance of Micro-arc Oxidation
Coatings on Ti6Al4V[J]. Applied Surface Science, 2015,
342: 183—190.

RN, BONEATERR TSR & 405 28 B
[D]. Rif: KiZEHEFRY, 2010.

PENG Jun-jie. Application of Micro-arc Oxidation in
Aluminum Alloy Piston of Marine Diesel Engine[D]. Da-
lian: Dalian Maritime University, 2010.

FRAT 5. BACBNAENE ¥ 0 B0 0) p v RO (0],
MU T2, 1995, 6(2): 57—358.

GUO Qi-liang. Reduction Effect of Boron Nitride as Lu-
bricant Additive[J]. China Mechanical Engineering, 1995,

[11]

[12]

[13]

[14]

6(2): 57—S58.

LOU C, WU C, YU B, et al. Effects of h-BN Additive on
Microstructure, Mechanical Property and Thermal Shock
Resistance of Al,O; Micro-arc Oxidation Coating[J]. Ma-
terials Research Innovations , 2014, 18(6): 465—468.
L, BT, RSN, 5F AHRRERASINRIN 7075 5
B 4 I A B R PR A2 e [0, v B 3R TR,
2014, 27(6): 116—121.

HONG Shang-kun, LI Qing-ning, QU Jing-jing, et al. Ef-
fect of Ce(NOs); Additive on the Properities of Micro-arc
Oxidation Coatings Formed on 7075 Aluminum Alloy[J].
China Surface Engineering, 2014, 27(6): 116—121.
SRIRME, PR, BRI, 55 CeO, %) 2A12 A4
IR 2 H VR RE R SZ IR [T]. Wi A IR A BHS T
F2, 2015, 44(9): 2240—2243.

GUO Yu-peng, DI Shi-chun, LYU Peng-xiang, et al. Ef-
fects of CeO, on Microstructure and Properties of Micro
Arc Oxidation Coatings on 2A12 Aluminum Alloy[J].
Rare Metal Materials and Engineering, 2015, 44(9):
2240—2243.

BRI, RATE, LU, G GURESIRIN 6063 R b4
IR A AL Z H R SR RE W [J]. ARk PR 22 4z,
2010, 31(4): 125—128.

ZHAO Jian, SONG Ren-guo, LI Hong-xia, et al. Effect of
Nano-additive on Microstructure and Properties of Mi-
cro-arc Oxidation Coatings on 6063 Aluminum Alloy[J].
Journal of Materials Heat Treatment, 2010, 31(4): 125—128.
MA Kung-jeng. Preparation of Self-lubricating Composite
Coatings Through a Micro-arc Plasma Oxidation with
Graphite in Electrolyte Solution[J]. Surface& Coatings
Technology, 2014, 259: 318—324.

B, Tfh, TH5k, % TC4 kA EMINELS T A
PS5 R 20 2 M BE B 44T M (D). BERMAR AP, 2015,
48(6): 1—3.

ZHAO Qing, WANG Wei, WANG Li-qiang, et al. Micro-
structure and Tribological Behavior of TC4 Alloy Micro-
arc Oxidation Hexa-boron Nitride Composite Films[J].
Material Protection, 2015, 48(6): 1—3.



