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Corrosion Resistance of AlI-Mg,Si Composite Coating on

AZ31B Magnesium Alloy by Flame Spraying

FAN Chun, LONG Wei, ZHOU Xiao-ping
(Hubei Provincial Key Laboratory of Green Materials for Light Industry, Hubei University of Technology, Wuhan 430068)

Abstract: A1-Mg,Si coating was prepared on the AZ31B magnesium alloy by flame spraying to improve the corrosion
resistance of the magnesium alloy. XRD, SEM and EDS were used to analyze the phase composition, microstructure and
elements distribution. The potential corrosion and corrosion current density of the samples in 3.5 % NaCl solution were
investigated by electrochemical experiment, and the corrosion rates were investigated by immersing experiment in the same
solution. And the micro-hardness of the coating was tested. The results show that the coating is composed of Al and Mg,Si
phases with a dense microstructure and uniform element distribution. Tafel polarization curves indicate that the potential
corrosion of the coating is increased from —1.489 V to —1.366 V and the corrosion current density is decreased from
2.817x107°A/cm? to 1.198%x107° A/cm?, compared with that of the magnesium alloy. Corrosion rate of the coating is
significantly decreased compared with that of magnesium alloy according to immersing experiment. Micro hardness of the
coating is chiefly concentrated between 259—-308 HV, o5 and that of the magnesium alloy is 50—-60 HV ) 5. Thus, the corrosion
resistance and micro-hardness of the magnesium alloy are improved by flame spraying of Al-Mg,Si composite coating.
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Fig.1 Cross section morphology of Al-Mg,Si coating
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Table I  Corrosion potential and corrosion current of 1-Mg,Si
coating and AZ31B magnesium alloy

Samples Ew/V  Lor/ (10°A-cm™)
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Al-Mg,Si composite coating -1.366 1.198

T N2.817x107 Alem?, ZBEIRAL-Mg,Sitf 4
JRACBRSE , R i F I 8 R 1.198% 107 AJem?,
H5AZ3BEEG SR, BHRAI-Mg,SilRZM
TR FL L B RO B B 42 190,445
HL AL A A (] 480, 10 min, JE i E 2L
RAEEIREW, NHEEH, XTFAZ3IBELSSE
HKeiih, FEH AL R R A A 2R I A
Mg — Mg>*" + 2¢” (1)
Mg** + 2H,0 — Mg(OH), (s) + 2H" ()
B2
Mg (s) + 2H,0 (s) = Mg(OH), (s) + Ha (g) ~ (3)
XFFAl-Mg,SitR)Z MU, 78 Ak It 72
R A A N -
Si™ - Si+4e” 4)
Mg** + 2H,0 — Mg(OH), (s) + 2H* (5)
EIF @RS

Mg;Si (s) + 4H,0 = 2Mg(OH), (s) + 2H (g) + Si (s)
(6)

ARAE AT 22 AR B3 SN 4 3 A e A
HﬂﬁEAGAz31Bf£%%:_6184 kJ/mOl, AG(/%E:
—336.534 kJ/mol, MRAEISIFFIYE A G r, p)< ORI

P15 2 Jo ol b o R S R P G R . MR
ol LUE R, REE BRI, BE A A iR i Y
EHAR SN A B, If HF(240 minff 4k
FIRTRE, SRS M4 JIEmTTR AL-Mg,Si
b BRSO RE AT 1 W3 R oA &, (PRl
[E] 1 2 < 3 o ORI AR B T AR E , 2R E)
7hE MR TR TR, WIERE . Bk US4
) ol R KT AL- Mg, S J2 B e e %

J A7 3 P AR T Ak I PR B A A R] AR
RIHTEE M, =Y A Mg(OH), ULYE FIH,, &
Ji o I A MR . Bt S TR 3G, BE A 4k
FEFTAR R, B FIHFE R E M OH &l /&
HWE T, H SR CI 45 &I HCL, £
G & R X I 4 & AR TR B O SO T, R
MR KT ER MR, R W i AH |
MRS R il i, S S 4
JEEph, DA T E — R R IS R ke A TR

E 1% J2 3% 1R YA A 20 /N 1 LR R &,
FH T ok Sz 3 ok Mg (O H) , L TE 1
5, A 2 g A A X e AL R R A PO
JriT LA . A SRR b P A R A Mg, i B
W ng, R EANAZ(4)(S). FTUEH, 7EFLIFE
LS B Jm 50 Ji FhL S P A 7 v VR B P

Composite coating

////v

AZ31B magnesium alloy

Dynamiting / (mg-min '-cm 2)

0 60 120 180 240 300 360 420 480
Time / min

5 SEEECR IR
Fig.5 Relationship between weight gain and time



552 1] U, S5 AZ3IBEEA &R KIAMTR AL-Mg,Sitk 2 1T & i RE 117

FR VAR R T P S, AR P I 2tk A
F R EB I LI N S HES AL RHCL, 7R R 5
P X TE R ER IR, B B Mg(OH), ULTE F
WL, 2 BRALE B T AR Sk, R T SifYTi
JE T A R, 2 LA A2 v e E S TR .
AN R T B A AL, S T B A
1ERTFO,, WIERMIMe(OH), I TEHE SR 2
T R AR A, & AR, RN
0, + 4H* + 4e” - 2H,0 (7)

AT BB S B AE TH, A OH 5
This, HURRBTERSSIRE, BT RIOH 5 T UGR
fift Mg 45 5 T8 UM g (OH), UL VE B 6 7E IR 2 3=
M, PR TIRZEMEM, H2, Mg(OH),
B ZAL, BHLAG IR E SR ik SRR,
LEWRZHAAESLEE, B LIRS —E I R R =
FPE, WESTHIRZ R HZIRIR T .

23 BRNEE

AZ3IBEES 45 . FIAL-Mg,Siig 2 1) i Wi 2 4
Ko, MEIHRTLIE 1, AZ31BEES 41 ik
T A KRB A E50~60 HV ) o522 8], T Al-Mg,Si
TR 2 1Y AR B (AR rh Jr AT 7E259~308 HV 052
B, SAZ3IBHEAEIAMLIL, it IATRAL
Mg, SiilHE Y i Gl B2 B i 1 5% . AR 2
(T B 5 TR 2 AR B I AR B . L Z5 L TR 2
FURMEAF B YA, BHRB AR T Mg, SiEH A 1R
R A bERE, W 350~450 HV o5, HIfH7E
KRBT FABIRFR I AR = 0 12 pEngl e, A
FEUIRB], TEAL-Mg-SiG 4 i s A AE 1y 22

500

400 .

5%
(=3
(=}
T
L]
o

200

Microhardness / HV ) s
L]

100

AZ31B magnesium alloy Composite coating

Samples

Kl 6 Al-Mg,SitR)z= 554 40 o i
Fig.6 Microhardness of Al-Mg,Si composite coating and
magnesium alloy

Mg, Sitlo TvRIZ M EZ M/ AMe,Si, A KB
SRACAHAELE , DR U J2 v 2 il Ty 1) b et
E AT iK442 HV o5 HFHBIRERET, FAINIE
MUK, Mg, SifkE s Rm, Mg, ik [ i ah s
AL EEIEMg, SIfJE [, REIREZS/ER, i
BRI R ECE . HILAI-Mg, Silk /2 B A5
e AR 1A

3 4 g

(1) & KIAMIR G, TEAZ31BEEG &R MRS
FLRH S AL- Mg, SitR 2, W2 2 AL
Mg,Si. ¥RJZHRFLIRMZLUD Bk,

(2) KIAMETR A1-Mg, it 2 BTt Ji itk B 5
TFAZ3IBES 4. Al-Mg,Silft)Z2 5AZ3IBEEG 4k
m AR EE, LA A -1.480 VIER#I-1.366 V, &l
T 2.817x10 A/em?PEAIKEN1.198%107° Alem?s,

(3) AW R EEHN50~60 HV o5, IR
2 ) 4 R 3 4 vh 23 A1 £E259~308 HV g o5 Z 7],
Al-Mg, SitR )z 1Y WA R i =5 TAZ31BEE G 42 o

P

[1] FhJrer, Do, S, 55, AZO 1S &R e B ERZ
RO gk (D). AHRHFAR, 2011, 25(18): 497-500.
SUN F H, MA Z, DONG S Z, et al. Progress in research on
metal ceramic coatings for AZ91 magnesium alloy[J]. Mater-
ials Review, 2011, 25(18): 497-500 (in Chinese).

[2] AREL, XU, £7K, 55 Ba SR EORBURBFE].
KA, 2016, 45(4): 124-131.
LIN Y, LIU C H, WANG F, et al. Development of corrosion
surface modification technology for magnesium alloys[J].
Surface Technology, 2016, 45(4): 124-131 (in Chinese).

[3] ZIuin, HsC, G, 4. SiME AL X Mg, SiMg R
BB EMAT]. FEFP S KA A4, 2007, 27(4): 294-
296, 244.
LIY Y, TIAN W F, HU Q D, et al. Effects of Si content and
modification on microstrue ture and properties of in situ
Mg,Si/Mg composites[J]. Special Casting & Nonferrous Al-
loys, 2007, 27(4): 294-296, 244 (in Chinese).

[4] akaEM, BFI, Bokl, 5. Be5 R MBHR AR Z
WISEHEIR ). MPEHAR, 2013, 27(2): 41-44.
ZHANG Z B, LIANG X B, CHEN Y X, et al. Research pro-
gress on thermal sprayed Al-based coating used on surface
protection of magnesium alloys[J]. Materials Review, 2013,
27(2): 41-44 (in Chinese).

[5] o, AR, IREDE. RBIRERE S84 SRS 5
BRI At RFF M (A RBE= /R, 2011, 32(3):



118 + @B KR T L R 2017 4
377-381. [12] ZLHRMS, A, ST, 45 Mg, Sidiz i a1k & 9 i [T A
MENG M, ZHANG Z M, XU H Y. Study on bond strength ARG, AR 4R, 2011, 29(3): 206-209, 213.
of aluminum coating formed by thermal spraying on AZ80 J1ZP,ZHOU S C, AI W ], et al. Microwave direct synthes-
magnesium alloys surface[J]. Journal of North University of is of Mg,Si interm etallic compound by solid state phase re-
China (Natural Science Edition), 2011, 32(3): 377-381 (in action[J]. Powder Metallurgy Technology, 2011, 29(3): 206~
Chinese). 209, 213 (in Chinese).

[6] HRAlRI, TREHE, BT, . o SR E THIRALR [13] Lotk 4RFRE, FM, 5. AZ31BA SR SN AR
2B HOCHEIEUITE[N). Wi &R RS TR, 2012, 41(2): AR IR 210 5 e PERET]. #4741, 2011, 32(12): 46-50,
360-363. 115.

QIAN J G, ZHANG J X, LI S Q, et al. Study of plasma- MA Z, ZHOU J F, WANG W, et al. Preparation and proper-
Sprayed Al coating on Mg alloy and laser-remelting[J]. Rare ties of composite ceramic coating on AZ31B alloy by
Metal Materials and Engineering, 2012, 41(2): 360-363 (in thermo-chemical reaction spraying[J]. Transactions of the
Chinese). China Welding Instritution, 2011, 32(12): 46-50, 115 (in

[7] e, A5, BRRS, 45 AZ91DEES &% B TWHANI-A/K Chinese).

BWEMASERED]. P EA G S RSR, 2012, 22(4): [14] HA%, TRELL, IR DT, BEE SR TR A B 18 (i 52
1094-1101. [, T2, 2011, 40(14): 124-127.

CHEN Y, LU S, CHEN J, et al. Microstructure and proper- CHANG S, ZHANG B H, XU H Y. Study on anti-corrosion
ties of Ni/Al/ceramic coatings plasma-sprayed on AZ91D of Al coating prepared by thermal spray on Mg alloy
magnesium alloy[J]. The Chinese Journal of Nonferrous surface[J]. Material & Heat Treatment, 2011, 40(14): 124-
Metals, 2012, 22(4): 1094-1101 (in Chinese). 127 (in Chinese).

[8] PARDO A, CASAJUS P, MOHEDANO M, et al. Corrosion [15] JTAfM. APRHA 2 IMY. B S8 A2k A,
protection of Mg/Al alloys by thermal sprayed aluminium 1999: 41-47.
coatings[J]. Applied Surface Science, 2009, 255(17): 6968- JIANG B H. Thermodynamics of Materials[M]. Shanghai:
6977. Shanghai University Press, 1999: 41-47 (in Chinese).

[9] CARBONERAS M, LOPEZ M D, RODRIGO P, et al. Cor- [16] KONDOH K, YAMAGUCHI T, SERIKAWA T, et al. Sur-
rosion behaviour of thermally sprayed Al/SiCp composite face modification of magnesium alloy by Mg,Si coating
coatings on ZE41 magnesium alloy in chloride medium[J]. technology[J]. JSME International Jourual, 2005, 48(4): 264-
Corrosion Science, 2010, 52(10): 761-768. 268.

[10] JEMR, JEIRS, ThiEh, 45, 48 ML AWM, SIFFTHE R[], (171 XUBERE. MeSUAILL A RRLIZHE, PR RE S RSB AR AT

BEYEHIR, 2006, 27(8): 866-870. HIBFFE[D]. &k T AR, 2014, 12.
ZHANG S J, ZHOU Q, MA Q, et al. Progress in study on LIU X B. Study on microstructures, mochanical properties
Mg,Si intermetallic compound[J]. Materials Review, 2006, and wear behaviors of Mg,Si/Al composites[D]. Jilin: Jilin
27(8): 866-870 (in Chinese). University, 2014, 12 (in Chinese).

[11] fefh, BBedE, £F0. SRIEILEYMe,SiITTIEHERE]. [18] FJRHA. Al-Me-Sity a3t LHLBY HL T BB FE[D]. H T

FBLSR, 2005, 19(6): 4-7.

XIONG W, QIN XY, WANG L. Progress in study on Mg,Si
intermetallic compound[J]. Materials Review, 2005, 19(6):
4-7 (in Chinese).

J KA, 2006, 4.

WANG Q S. The study of electronic theory of strengthening
mechanism of Al-Mg-Si alloy[D]. Nanning: Guangxi Uni-
versity, 2006, 4 (in Chinese).

(GEAESE: 307



