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Fig. 1 SEM images ((a), (c)) of pure Al and Al-50%Al1,0; powders and EDS spectra ((b), (d)): (a) SEM image of pure Al powder;
(b) EDS spectrum for boxed area 1 in Fig. 1(a); (c) SEM image of pure Al-50%Al1,0; powder; (d) EDS spectrum for boxed area 2 in

Fig. 1(c)
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Table 1 Chemical composition of AZ31 alloy, pure Al powders and 1060 aluminum plate
Mass fraction/%
Material
Fe Si Zn Mg (6] Al
AZ31 <<0.003 <0. 08 <0. 01 0.7-1.3 Bal. - 2.5-3
Pure Al powder 0.14 0.12 <0.005 <0.005 <0.005 0.28 Bal.
1060 aluminum plate 0.35 0.25 0.05 0.05 0.03 <0.001 Bal.
2 REBRLZSH (@) 1 —Al
Table 2 Spraying parameters of coatings
Gas Gas Powder feed Spray Spray gun
pressure/ temperature/  voltage/  distance/  speed/
MPa C mV mm (mm-s™) .
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Fig. 2 XRD patterns of powders and coatings: (a) Pure Al
powders and coating; (b) Al-50%A1,0; powders and coating
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Fig. 3 Cross-sectional SEM images of coatings: (a) Pure Al coating; (b) Pure Al coating after etching; (c) Al-50%Al,0; coating; (d)

Al-50%A1,0; coating after etching
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Fig. 4 Potentiodynamic polarization curves of samples

recorded after immersion in 3.5% NaCl solution for 60 min
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Table 3 Resluts of potentiodynamic polarization of samples

Joor/ R,/
Sample PeaelV (Aem?)  (Qem?)
AZ31 -1391  2.56X10™* 28
1060 aluminum plate  —0.761 2.15%10°° 2196
Pure Al coating -1.126  1.19%X10”’ 67450
Al-50%AL0; coating  —0.866  2.36X 1077 36335
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Fig. 5 Microhardness of AZ31 alloy sandblasting, pure Al
coating and Al-50%Al,0; coating as function of distance from

substrate/coating interface
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Table 4 Experimental results of sliding wear

Wear depth/  Wear volume rate/
Sample a3
pm (10 "mm™m )
AZ31 alloy 51.072 2.676
1060 aluminum plate 64.276 3.835
Pure Al coating 53.116 3.019
Al-50%A1,05 coating 17.871 0.588
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Fig. 6 Friction coefficient versus wear time for different

samples
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Fig. 7 SEM images and EDS results of worn surface of samples: (a) AZ31 alloy; (b) 1060 aluminum plate; (c) Pure Al coating; (d)

Al-50%Al1,05 coating
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Fig. 8 Volume loss of samples under different loads
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Fig. 9 SEM images of abrasive worn surface of samples: (a) AZ31 alloy; (b) 1060 aluminum plate; (c) Pure Al coating; (d)

Al-50%Al1,05 coating

3 g

1) RAABIREAR AZ31 A& EH&T
Al-50%AL0; HEWE, BT ALO; BRIk S yTFT
Al B35, SERERMA Al REERE, fLK
RHEAK.

2) Al-50%A1L,0; &6 W21 B JE bl s
(236 X107 Alem®)F4l Al 352 0 B JE il e 7 25
(1.19X107 A/em)HMEAK, VBRI ALO; AL
FRARZE Al WRZEMPUE AL ). AN T8 & & 5k
(2.56 X 107" Alem?), BEWRZE Kol ALERZ 1
W FERK T 3 NMER, Wy iE B .

3) 4 Al IRZ s B RS &5 43.3%,
Al-50%ALO; EEWZEMIENEBENRL AZ31 64
gl Al ERIZ 9 B BFAR L) 77%F0 80%, Al,Os Jk )
TN AT 42w al Al B2 TP 2h B4 1 B

4) Al-50%ALO; = 5k = 1 B KL BRI 2 5040 ALk
EHIBERL) 40% 47, ALO; BRI IR INAS fE 2 2 42
2l Al IR JZ P RLES 45114 B

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

& O, B, EHY, DIEE. BRES SRR, R
K] HEA G4 8 F4HR, 2003, 13(2): 277-288.

YU Kun, LI Wen-xian, WANG Ri-chu, MA Zheng-qing.
Research, development and application of wrought magnesium
alloys[J]. The Chinese Journal of Nonferrous Metals, 2003,
13(2): 277-288.

LUO A A. Magnesium casting technology for structural
applications[J]. Journal of Magnesium and Alloys, 2013, 1(1):
2-22.

HIRSCH J, AL-SAMMAN T. Superior light metals by texture
engineering: Optimized aluminum and magnesium alloys for
automotive applications[J]. Acta Materialia, 2013, 61(3):
818-843.

ABBOTT T B. Magnesium: Industrial and research developments
over the last 15 years[J]. Corrosion, 2015, 71(2): 120—127.
&N XK, 2 OBE WAL, FAMVE, B R Mg A&
KBS B ). A G EaER, 2002, 12(6): 1087-1098.
YU Gang, LIU Yue-long, LI Ying, YE Li-yuan, GUO Xiao-hua,
ZHAO Liang. Corrosion and protection of magnesium alloys[J].
The Chinese Journal of Nonferrous Metals, 2002, 12(6):
1087-1098.

GRAY J E, LUAN B. Protective coatings on magnesium and its

alloys-a critical review[J]. Journal of Alloys and Compounds,



1728

hEA O RYR

2018 429 H

(7]

[8]

9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2002, 336(1/2): 88—113.
WU Li-ping, ZHAO Jing-jing, YANG

Zhong-dong. Progress of electroplating and electroless plating on

XIE Yong-ping,

magnesium alloy[J]. Transactions of Nonferrous Metals Society
of China, 2010, 20(2): 630—637.

SONG Guang-ling, SHI Zhiming. Corrosion mechanism and
evaluation of anodized magnesium alloys[J]. Corrosion Science,
2014, 85: 126—140.

ALKHIMOV A P, KOSAREV V F, PAPYRIN A N. A method
of cold gas-dynamic spraying[J]. Doklady Akademii Nauk SSSR,
1990, 315(5): 1062—1065.

W, KA. WBHREFED]. ERE LR, 2002, 15(1):
12-16.

LI Wen-ya,
process[J]. China Surface Engineering, 2002, 15(1): 12—16.
BALA N, SINGH H, KARTHIKEYAN J, PRAKASH S. Cold
spray coating process for corrosion protection: A review[J].
Surface Engineering, 2014, 30(6): 414—421.

ASSADI H, KREYE H, GARTNER F, KLASSEN T. Cold
spraying—a materials perspective[J]. Acta Materialia, 2016, 116:
382-407.

STOLTENHOFF T, BORCHERS C, GARTNER F, KREYE H.

Microstructures

LI Chang-jiu. Characteristics of cold spray

and key properties of cold-sprayed and
thermally sprayed copper coatings[J]. Surface and Coatings
Technology, 2006, 200(16): 4947-4960.

TAO Yong-shang, XIONG Tian-ying, SUN Chao, KONG
Ling-yan, CUI Xing-yu, LI Tie-fan, SONG Ling-guang.
Microstructure and corrosion performance of a cold sprayed
aluminium coating on AZ91D magnesium alloy[J]. Corrosion
Science, 2010, 52(10): 3191-3197.

DEFORCE B S, EDEN T J, POTTER J K. Cold spray Al-5%
Mg coatings for the corrosion protection of magnesium alloys[J].
Journal of Thermal Spray Technology, 2011, 20(6): 1352—1358.
XSS, AN, ke, B 0, PhEE, BHEE. ZMe B
HERBIR AL IRE S0 MR TR,
2012(12): 50—-54.

LIU De-xin, SHI Zhong-chuan, ZHANG Xiao-yun, LU Feng,
SUN Zhi-hua, TANG Zhi-hui. Structure and anti-corrosion
properties of cold sprayed Al coatings on ZM6 magnesium
alloy[J]. Journal of Materials Engineering, 2012(12): 50—54.
ROKNI M R, WIDENER C A, CRAWFORD G A, WEST M K.
An investigation into microstructure and mechanical properties
of cold sprayed 7075 Al deposition[J]. Materials Science &
Engineering A, 2015, 625: 19-27.

BOM, R, X G, T m. WBHRERIRE R B
REBTFL[I]. SedstblRlaE 5 1R, 2017, 40(3): 78-80.

JIA Li, CUI Lang, LIU Guang, ZHENG Zi-yun. Wear property
of cold sprayed Al coating[J]. Ordnance Material Science and
Engineering, 2017, 40(3): 78—80.

STEENKISTE T H, SMITH J R, TEETS R E. Aluminum

coatings via kinetic spray with relatively large powder

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

particles[J]. Surface and Coatings Technology, 2002, 154(2/3):
237-252.

SZKLARSKA-SMIALOWSKA Z. Pitting
aluminum[J]. Corrosion Science, 1999, 41(9): 1743—-1767.
KANG Ju, FU Rui-dong, LUAN Guo-hong, DONG Chun-lin,

corrosion  of

HE Miao. In-situ investigation on the pitting corrosion behavior
of friction stir welded joint of AA2024-T3 aluminium alloy[J].
Corrosion Science, 2010, 52(2): 620—626.

MENG Guo-zhe, WEI Li-yan, ZHANG Tao, SHAO Ya-wei,
WANG Fu-hui, DONG Chao-fang, LI Xiao-gang. Effect of
microcrystallization on pitting corrosion of pure aluminium([J].
Corrosion Science, 2009, 51(9): 2151-2157.

TAO Yong-shang, XIONG Tian-ying, SUN Chao, JIN Hua-zi,
DU Hao, LI Tie-fan. Effect of a-Al,O; on the properties of cold
sprayed Al/a-Al,O; composite coatings on AZ91D magnesium
alloy[J]. Applied Surface Science, 2009, 256(1): 261-266.
SPENCER K, FABIJANIC D M, ZHANG Ming-xing. The use
of Al-ALO; cold spray coatings to improve the surface
properties of magnesium alloys[J].

Technology, 2009, 204(3): 336—344.

Surface and Coatings

XIONG Yu-ming, Zhang Ming-xing. The effect of cold sprayed
coatings on the mechanical properties of AZ91D magnesium
alloys[J]. Surface & Coatings Technology, 2014, 253(9): 89-95.
ZHANG P, LINDEMANN J. Influence of shot peening on high
cycle fatigue properties of the high-strength wrought magnesium
alloy AZ80[J]. Scripta Materialia, 2005, 52(6): 485—490.
GHELICHI R, Macdonald D, BAGHERIFARD S, JAHED H,
GUAGLIANO M, JODOIN B. Microstructure and fatigue
behavior of cold spray coated A15052[J]. Acta Materialia, 2012,
60(19): 6555—6561.

DIAB M, PANG X, JAHED H. The effect of pure aluminum
cold spray coating on corrosion and corrosion fatigue of
magnesium (3% Al-1% Zn) extrusion[J]. Surface and Coatings
Technology, 2017, 309: 423—435.

w o BH, ARBATL, mAE, AR RIEAAEERT AZ9ID S
SMHREMIREMT]. FI0 T TZ, 2011, 40(2): 121-124.

GAO Yang, DAI Ming-jiang, XIANG Xing-hua, WEI Chun-bei.
Effect of surface treatment on performance of AZ9ID
magnesium alloy[J]. Hot Working Technology, 2011, 40(2):
121-124.

XEZE, ®BE, B M, BEE, 8 H ESeRmEE
BERBHRZ K BT J9(I]. LR DAk K224k, 2005, 27(4):
385-388.

LIU Yan-xue, YUAN Xiao-guang, LU Nan, HUANG Hong-jun,
ZHAO Hui. Wear behavior of cold spray Zn-Al alloy coating on
magnesium alloy[J]. Journal
Technology, 2005, 27(4): 385—-388.

PRAMANIK A. Effects of reinforcement on wear resistance of

of Shenyang University of

aluminum matrix composites[J]. Transactions of Nonferrous

Metals Society of China, 2016, 26(2): 348—358.



28 o W MRéelfE, 5. AZ31 B:AEAmHE Al-ALOs B 5 Z4 4 Rt RE 1729

Microstructure and properties of cold sprayed
Al-ALO; coating on AZ31 magnesium alloy

CHEN Jin-xiong', WANG Qun', LUO Si-si', TAN Xiong-long®

(1. College of Materials Science and Engineering, Hunan University, Changsha 410082, China;
2. Advanced Corporation for Materials & Equipments Co., Ltd., Changsha 410118, China)

Abstract: The pure Al coating and Al-50% Al,O; composite coating were deposited on AZ31 magnesium alloy by cold
spraying. The effect of addition Al,O; particles on morphology of the pure Al coating was analyzed by scanning electron
microscopes(SEM), energy dispersive spectroscopy(EDS) and material analysis software. The effects of Al,O5 particles
adding on corrosion resistance, micro-hardness and wear properties of the pure Al coating were studied by using
electrochemical workstation, microhardness tester, abrasion tester to evaluate the properties of coatings. The results show
that the composite coating possessed higher density, lower porosity, the microhardness increases from 51.2 HV( g5 to
94.8 HV 025, the sliding wear rate decreases by 80.5% and the abrasive wear rate reduces by 40% in comparison to the
pure Al coating. The corrosion current densities of the composite coating (2.36X1077 A/ecm?®) and the pure Al
coating(1.19X 1077 A/em?) show the same level, but they are about 3 orders of magnitudes low compared with that of
magnesium alloys substrate(2.56 X 10™ A/cm?), which can significantly improve the corrosion resistance of magnesium
alloys.

Key words: cold spray; AZ31 magnesium alloy; composite coating; corrosion resistance; wear resistance
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