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Design, Preparation and Properties of Through—type

Composite Coating on Aluminum Alloy

YAN Chengqi JIA Zhuying
(Anyang Institute of Technology, Anyang 455000)

Abstract In order to improve the wear resistance of aerospace aluminum alloy, especially to ensure the normal
use of aluminum alloy under increasing temperature, this study designs a three—dimensional diffusion layer to
enhance the bonding between coating and the substrate. Through—thickness composite coating was prepared on the
surface of aluminum alloy by means of mechanical ball milling, laser texture microporous and electrodeposition, the
mechanical and tribological properties of the composite coating were tested and analyzed. The results show that the
electrodeposited Ni coating completely covers the texture surface of mechanical milling coating, and the
microhardness of mechanical milling coating and electrodeposition coating is about 285 and 165 HV respectively,
after heat treatment. Moreover, a three—dimensional diffusion layer is formed at the interface of aluminum alloy
substrate, mechanical milling coating and electrodeposition coating. The tribological properties of aluminum alloy
perform normal at room temperature, but show signs of failure at 300°C. For four composite coatings, the friction
coefficient of N150 composite coating is the lowest at room temperature, which is about 0. 7. The friction coefficient
of N100, N150 and N200 composite coatings is about 0.5 at 300°C. The wear rates of the four samples are in the
range of (0.9~1.6)x10° mm*(N+-m) at room temperature and 300°C with N100 and N150 composite coatings
performing slightly better. The prepared composite coating can effectively protect the aluminum alloy substrate at
room temperature and 300°C,and extend the applicable temperature of aluminum alloy.
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Fig. 2 X-ray diffraction pattern of the sample surface
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Fig. 3  Cross—section microstructures and the elements distribution of four composite coatings

2.2 NFMEEZEEED

B 4 H o BB T 406 A SR HUBER S U )2 AN
LR Z M R B . o] LUE LA &R E
R TTRRAR 2 R R B 40 ) K 24 S 285 AT 165 HV . AL
BRI U J2 S A 32 i v %) = B D PR A il Ak B
WZWNA Ni-Al R & BRSP4 N . BRI
V) =g 5 K R = (N R N = T R g
JEX ST RA &K (LTS5 HY ),

E5(a) ] LRI, Zil FAA 4R EA R
A PEFE R (£9°0.4) . 75 4 Fh I A% 2 00 BE 4% A 4L
N150 £ B fIK (K25 0.7) s NSO BE i R 7E 0. 8 &2
A7 s N100 BE 5 R ALE 1. 0 2247 3 N200 K 5t oA i &
s —

3004

2504

2004

1504

microhardness (HV)

100+

R .

0 - e - -

Al alloy Mechanical milling coating  PED coating
K4 ZEaWEMEE

Fig. 4 Hardness of composite coatings

FHA BT 2 http : //'www.yhclgy.com 2023 EO 6l



(RATE L 344 IR A IRZ PR E, N
TSI AR A . B 5(b) AT LI H, 300 Criim 2%
PR AR5 A A R T LA B ORT (& I S BOE kI
AR, 4 Bl AR 26 300 CHABE IR R ¥y al IEH
fdi 1, I HL.N100 . N150 F1 N200 k£ 5 H A7 35230 fi) JBE 462

2.0
1.81

1.61 N200 N100

E e pwumm

friction coefficient
-
=)
1

0.6
NI150 N30
0.4 Nl KRR
0.2 Al ull()y/
003 5 10 15 20
time /min
(a) =it

PRI (RZ570 0.5 26 47) L 1T NSO K it BRI RS E I
HA BRI EEEN B (CRZ0.8 754 . e akR
T 4 Pl A2 5 TR 2 0 1 46 A4 B < R B2 9 5 3
17300 Cs

\Al alloy

N200

friction coefficient

N100

0.27 N150

0 5 10 15 20

time /min

(b) 300°C

IS ARRRJZ A9 IR A 300 CREE I ZL
Fig. 5 Friction coefficients of four samples at RT and 300 C

Bl 6 H o 5Is i TG4 M 4FE A RZEANE
BETHERE, TUER, SRARTHE SR
REE R Z M 1. 6x10° mmY/ (N-m) , AP E 542 1)
JERUR AL TF (0.9 ~ 1.2)x107 mm¥/(N-m) Z [i], 5

B A SLURHE L, 2T R 0 T R RS TR R I
PR MIRBIEE R 300 CH, PUFP A2 S 16
AT (1.2~ 1. 6)x10° mmY/(N-m) Z [A] , & A%
JE AR A A i AR B R 21 T 300 °CL 9F:
HEP R 558 A 4 2 T B R P50, (R E T 4R
A IE H A

M 7 B R IS T AR, B AR EEE
1300 CHBE I BE T B B 3R A1 447 70 K i 4l /AL
1, I FLAE B4 R v DR 3 T % 57 177 7 A KR
2, 35 PR kg A A A 3 R A0 LR BT

2.4
2.2
2.0
1.8 N200
1.6 Al alloy  N50 5

L.44 N50
1.2
1.0
0.8
0.6
0.4

. (N . m)—l

wear rate/1073 mm?

300°C
Fl6  4F0RE S 7ES IR 300 “CF AR A
Fig. 6 Wear rate of four samples at RT and 300 °C

FEHE . BT — 2 B A/ N ALV R S, (BJF R

o B A TR LG, R R W A R AR R e R P
WEHE

N200

(h) 300°C
7 4FRE SR 300 “CTT BB BER T
Fig. 7 Wear surface of four samples at RT and 300 °C

FHIMEIT.Z  hitp://www.yhelgy.com 20234 4564



3 Hig

(1) ElG HLAEKE HOCEUaIT LA H DTRREOR
TR AR & T R AN ESREZE. Bl
FANI AT PASE 23 s 8 AL, OF HL AT A5 2 w5 AL
PRERIE TR =R

()G B TEE U OL T B PERE NS 72 1
#LAHAE 300 'CF i TR AN e v e B
AR R G AR B e M RE M AT 20 2.5
min J5 OGRS AT . 4P E S TRIZ AR A A 300 °C
it JBE PR 4 RE IR H 2EAT BE S A PR RE I, N10O 1
N150 & 5 ¥k R EEHE A R BE H NSO FTN200 R BUHS 4f o

(3) T AL B L BR A S BER MUK IR JZ A
HLITORR Ni S L = S AR T J T = 4 7 AR 2 4
PHUZ . IZEHTRE XA R s R s A
BRERAEESEME.

[1] TAN H, CHENG J, WANG S, et al. Tribological
behavior of Al-20Si-5Fe—2Ni alloy at elevated temperatures
under dry sliding [J]. Journal of Tribology—Transactions of the
ASME, 2018, 140: 031609.

[2] TAN H, WANG S, CHENG ], et al. Tribological
properties  of  Al-20Si-5Fe-2Ni-Graphite
composites [ J]. Tribology International , 2018, 121: 214-222.

[3] YAN C Q, NAMACHIVAYAM K, KANG Y H, et al.
Preparation of self-lubricating coating by mechanical milling
[J]. Industrial Lubrication and Tribology, 2020, 72 (7) :
829-833.

[4] YAN C Q, XIONG D S, LI'J L. Synthesis of Ni-Al-Ta

composite coatings on Al alloy plates and the transfer of Al

solid-lubricating

powder via mechanical milling technique [J]. Powder
Technology, 2018, 340: 234-242.

[5] YAN C Q, LI H, LI J L. Synthesis of Ni-Al-ZrO,
(Y,0,) composite coatings with excellent wear resistance through
mechanical alloying combined with pulse electrodeposition [J].
Ceramics International, 2019, 45. 23798-23803.

[6] ZADOROZHNYY V Y, KALOSHKIN S D,
CHURYUKANOVA M N, et al. Formation of intermetallic Ni—
Al coatings by mechanical alloying with different intensities [J].
Metallurgical and Materials Transactions A ,2013, 44(4): 1779~
1784.

[7] ZADOROZHNYY V Y, KALOSHKIN S D,
TCHERDYNTSEV V, et al. Formation of intermetallic Ni—Al
coatings by mechanical alloying on the different hardness
substrates [J]. Journal of Alloys and Compounds, 2014, 586:
S373-S376.

[8] ZADOROZHNYY V Y, KALOSHKIN S D,
KAEVITSER E, et al. Coating of metals with intermetallics by
mechanical alloying [1].
2011, 509: S507-S5009.

[9] CHEN C, DING R, FENG X, et al. Fabrication of Ti—

Journal of Alloys and Compounds,

Cu—-Al coatings with amorphous microstructure on Ti—-6Al-4V
alloy substrate via high—energy mechanical alloying method [J].
Surface and Coatings Technology, 2013, 236: 485-499.

[10] CHEN C, FENG X M, SHEN Y F. Effects of
annealing treatment and pre-refinement of raw material on
microstructures and properties of mechanically alloyed Cr—Al
composite coatings on Ti-6A1-4V alloy [J]. Materials
Characterization, 2016, 120: 97-108.

[11] LI Y F, CHEN C, HAN T F, et al. Microstructures
and oxidation behavior of NiCrAlCoY—Al composite coatings on
Ti—6A1-4V alloy substrate via high—energy mechanical alloying
method [J]. Journal of Alloys and Compounds, 2017, 697:
268-281.

[12] CHEN C, FENG X M, SHEN Y F. Oxidation
behavior of a high Si content Al-Si composite coating fabricated
on Ti-6A1-4V substrate by mechanical alloying method [J].
Journal of Alloys and Compounds, 2017, 701: 27-36.

[13] CHEN C, FENG X M, SHEN Y F. Synthesis of Al-
B,C composite coating on Ti—-6Al-4V alloy substrate by
mechanical alloying method [J]. Surface and Coatings
Technology, 2017, 321: 8-18.

[14] DENG J H, ZHANG J Q, TU Y B, et al. Effect of
BEO in the electrodeposition process of Ni/diamond composite
coatings for preparation of ultra—thin dicing blades: Experiments
and theoretical calculations [J]. Ceramics International, 2018,
44(14): 16828 - 16836.

[15] XIAFF, LI Q, MA C Y, et al. Preparation and wear
properties of Ni/TiN - SiC nanocoatings obtained by pulse
current electrodeposition[ﬂ. Ceramics International, 2020, 46
(6): 7961 - 7969.

[16] SUN C F, LIU X Q, ZHOU C Y, et al. Preparation
and wear properties of magnetic assisted pulse electrodeposited
Ni — SiC nanocoatings [J]. Ceramics International, 2019, 45
(1): 1348 - 1355.

[17] CHEN J J, LI J L, XIONG D S, et al. Preparation
and tribological behavior of Ni—graphene composite coating
under room temperature [J]. Applied Surface Science, 2016,
361: 49 - 56.

[18] LI B'S, ZHANG W W. Microstructural, surface and
W/Si;N,
nanocomposite coating [J]. Ceramics International, 2018, 44
(16): 19907 - 19918.

[19] LIBS, LI D D, ZHANG J, et al. Electrodeposition
of Ni-W/TiN-Y,0; nanocrystalline coating and investigation of

electrochemical properties of pulse electrodeposited Ni -

its surface properties and corrosion resistance [J]. Journal of
Alloys and Compounds, 2019, 787: 952 - 962.

[20] SINGH S, SRIBALAJI M, WASEKAR N P, et al.
Microstructural, phase evolution and corrosion properties of
silicon carbide reinforced pulse electrodeposited nickel -
Applied Surface Science,

tungsten composite coatings [J].

2016, 364: 264 - 272.

FHIMEIT.Z  hitp://www.yhelgy.com  20234F %564



