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Abstract: Poor corrosion resistance is a bottleneck problem that restricts the wide application of magnesium alloys. The
corrosion pain points in the Mg industry include galvanic corrosion of magnesium alloy connectors, easy corrosion after sur-
face protective coatings being damaged, and corrosion of magnesium alloys under force/chemical interaction. The reasons

behind these corrosion pain points are analyzed, and the
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HETH. EFHARSILEWETH (52171086) ; Ui 845561 are proposed, including the control steps of electrochemical
B 0 TE R 4 % B corrosion, the galvanic corrosion law under multi-factor cou-

pling, the corrosion mechanism under force/chemical inter-
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action, the construction and response mechanism of low-cost
protective coatings. Based on the comprehensive considera-
tion of the corrosion problems of magnesium alloys from the

aspects of corrosion mechanism— materials— service envi-
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ronment—processing—service performance—surface protection—methodology, the corrosion mechanism of magnesium alloys

is clarified, and the low cost, high corrosion resistance and multi-functional protective coatings are developed to promote the

wide application of magnesium alloys.

Key words : Mg alloys; pain points of Mg industry; corrosion mechanism; protective coatings; service environment; solu-

tion measures
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Fig. 1  Stress-strain curves of AZ91 Mg alloy in different environments
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Fig. 2 Sketch map of galvanic corrosion of magnesium alloy

3.3 HAENFMEZEERTHIE RS

e LR AT FIE kA B3[R4 R 55 2k A2 0 )8
ok kB 57 R, AN B S < S ok AR
1M H 2 BB R T2 PERE, LU A5 ok ) B IR P R R
Z . W DL b AL BE AL 55 BH AR I A A A BOUT R 2 Bl
Wi JE§ R AT Ay 4 DR e T WO AE LT e R A A
XTI, LG BRE AR B 5% AY 1V ) 32 E ) B A
PAREPVE =TS i) 5 5 e A A1 ) 1B A A )
PRE, FEARMORL R A DT PhBE T A0 2R R AR TR
J1, Wt REA G, SEEA RSB IBE S, A AFTE



%12

KT BED S AR BOR Y Sl TR A 1081

SATEIVER, SRS SR mAIRA 2L, X T8
A BRI, SR SN IREAIR Z P 2 FE, )8
PSR IR, AR, AERRRAE R BEA 4
P g A R e il EE S I, W
K, WA ATE R 3, S TR T S0 T B0
Tl ol 57 1 AR R R SRR AR TR] . Uk,
2 IR 5 WAL A BOREA AE LI DL S BE 6 4 i1
PERERE Z I A, iR B A R AR R S i B
SMF, NI S SR SR 00T % 4 iR A 4 it H i
8%,

3.4 LHABHEHIPRE R TR G R

3.4.1 AWE., ATRER GR BRI AR Aok 5 AL

KIERA R BiP R Z2, wiMER S A S
Joik BBl B, SR DRI JE AL B R A
RGNS AN, BRPREBAR A B A e — B R RS
T, AT RAIE R A S AR A A TR, R &
ik 2% BRLEE b [ R 0 DA AR e, AT A RI0RE G B A A AR AR 1
TRV, P B A R 2 N B X A T hE . e AE
EA &P R B 2R 52 ) P Bl 5 ) AT LS B £ T
et (D) BB RIAERZ h & it AR B i
LA Ay 7™ B S M) R B 4 R kel 1 P R B L R
T O PR IR R, LREFIRIRIZICECTE | AR
WASER, WG SR MR ZN A FE i, M
e 1 JE 3 Z2 Dy e I IR AL D7 16 1 T EL AT P L RS ok
TS DIRe R REB 1P IR )2, BRI A E R R Aet TR
PP A Yo 5 A A 3 7R A oo iz AL i B S ) 4 4 6 ol I 4
HLEE,

3.4.2 HEANREHTHEORETERE, EBERIEAE

HATSE BRI EE & & B 4P 1R )2 2 02 SRk Ak 2 7 s
Hiles, iR oA, fhepE | R T2 TR
SE, IXERUR R A A B R B B AR W TE U T,
T E SR 5 BRI B T A R A R RN, S BB W T
R 20 e R R e L BB W R Rh S MR
BRI, IR A KA RS . R A g
PR, 6 &R/ TR YFAEREAE, &
me B2 LR B PR, B, BB R E A
EREI/ Fm R AR R N R DR, T RE S O i
)22 ) R AR TR
3.4.3 Ffgik BT 6 A Y B RREXT R &

A AR EE FHA RS B, [ A 2 R AT 4R 2
PRI M EZ s, HRiTE MM EECARET £
FEEG S B PRIZ Y bR T 7 % IR )2 B WS
PR, ARV VRSN, FEfd S A AT 452 oy A
T BRI B AR MR R AR oKk . RIS . A

FRPESs, BOHRZM OSSR M S, SRS
WREER SR AR A TERERI X RE &R, eI
JIr BRI E AR BT A, 00 DR B G IS FH A P A P 25K
14 IRASE LB N AT A A

4 MRRSEAEEMEIE

A EENARAS | it D 4 Y ol [ T, 5 S DA ol
WL B IR IR 5 — 0 T 2 — IR A 1 e — 2 1T B
PoINERERTIIAEE, RIREEIT,

JEETRBLEE . MBS i R A S AR e AL 2
il AL TR, BISEBRIN 52 J7 I )2/ s S AR
B, PR SR 4 I T 1 I B B e T o s ) ML R
G5, T EEMARA b W] 3 2 PR 385 0 6 4 T o 1 10 4
AP, TS ST A BRI IRIZ A S . B &
FPFR R LB R BEEE AR

FORE: TR PRV S B AR 5 AT LU PN 5 T 5 O
FIEEAECEE, [ BRSO S ROIRRE, T i 1) B b S A
SEALILER, e AR A AR EUE B
BT B e P A R AR U A AR A AR U
B FR AR —LE BUh i, T Az AR BU# 1 BE X5 &
TERI IR, ABEA 4 T HAE RAF I BRI BOR ™, JE
HIIE ARG ST R, IO e, AT
RESE B A BEAECE A RCR

HRAC R . B < 7 S e IR AR5 A v 2 4 A A [ o
RN BT, WREAL T 22707 50, JE ol 2 A L A0 B 5 A A
FHEOEESR TR M AR AR P58 X B 45 A Tl A R 2 i K
i EE VLR (Y i B PR BE AT R G0 o, WA IR &
SEMEE G ST RIHLE > Besh, IR B
< AT Pl P T REAF A S ME A SBOR . IE BN TR
TRAREN, e RO ECE B, X e e it
RAFBODRIFT, OFBEG 0 il i 75 HAT SO ARS8, Xt
e B M i i — R R

Wil EHaELlEk, L, BEFTE T
Ja, BPPRHFAERL TS, R K AR O, SN T
P Ml O B 45 < T A7 1 A28 = OUL A 1 5 B 5 < 9
AT, AR R RO B B T Pl P A AR S e,
GBI IR SO N ZON B 45 G i Sk vk R e ML, 0 ok
FEER MR & T2,

HRALPERE . SEPRARAE A BE & G IF o e A 35 20 g e |
A R Tl R L R F Ll A S
EAE B B B R IR TERE, X SRR BT
AT 9 o JE5 ol M 00 38 4 AT DX S B MR A3 o (9 B 3 4
JE ik AR AT LR A I, AT S B I [R] 78
PR, I, B G AR IR A% A7 it 2 P e o0



1082

Hh AR

%43 %

BTNz — AT DURR 5 B8 5 <0 A0 i Rk SR e,
SEJE IR TIAREAY X 4 i IRAR A A AT T

REPH: ARCEKRE TIRZHEGEPIRZ,
EBEE I BBz, BE S SR SR R OR | B fE
b, ZIREMBORBZ B 5, Ak i £ B A Rk Y
JEIRGH T LAAE Fr )2 GG R | I A5 2 T AR
PRI R A IR 2 ORI R A 2 AL S5
TR I RETEL 70 (Y RG] ol 5 1 22 D g
PSRRI ™2 5 T PRS2 P R I B A ) . o T 855 3
BABE . ABERZED T SHE AR T T Z 1B
PIRZ, (LA TR ERRAS | SR,

Tk A EAR RS AT PR, R R
NIRRT BB, BB 2 PR 5 908
ARSI TR ], B LA REAE
AN A ER ST P, SR K 65 35 B B
JEE i A S g iy, TR S 2 5 S PR IR BRI T
[, HEBea S LR ET 5 6 IR 5T 2 6] 54 ) ph LR
FAEZE5e . DRI, 2 A5 S5Ok I b ik 6 Ty ke X B 5 <2
AT AR TR PP AR - 2 e B2, S5 8N, TR R ) TR
s TR | TR KA LA Al R A
W45, oSS R T R AR 5 IR D MERR AT SEIT ST B S
B AT AR TR AR S BT (OB | B
meiod | RS . BT AR AR ) 5 S A i A AL
B85, P ORWR 2 45 S T 2 o SR B s A e i 3 5 R
FONTRBEEAR (AD) S8, dilik ., i, 4i4 . Fdar
MRS &, AT AR R BB A 1 I ol 9 47 ok
B ALY

FUfh: B8 L MR ft St S B A AT D S DA OG
i, BRI R i B DO R P IR AR | AR B R
PHEERS T | B ES 17 FL A T I i AR A ) R
P ERU SN Y S NI S PRIV IS (BTN
BEAE, XA EIR AN,

5 FHALRRE

(1) AT B 8 T B8 5 < WO S D LB, 60 9% i b 422
A PR AN i R SC R 1 Ty AR AR R Y
IR Z RS R (AR b, s
Ba Rt rie s T,

(2) TP R AR BAS | PRI AL, i, ZI0RERY
BAEURZE, MHETERRE S, M. EEHRAE,
TEIRG UK A GBI

(3) SCBLEE L b Y MRS R T, S R R M AT, S
BUBEAH AR RN, i D R A L IR AR =Y
L PEXERL,

6 # W

(DETHREMESE RIS —, Eaenita
PEAEARRR | TYRESE D7 A ARSI 7 Ay 2 At
B BEH | BEAH S AT T R, D 2 5t At
Jo, WALEREERRE, TN EW K. O EkrE . B
A B AL T P B S AT K . BES i J1oE/ f
FACH AR S JE AT T B A il S
FERIEIG; @ B iR)Z 5 DR RA RO B R 1H
ALBRTT IR RALE], e FB S A US55 2 I RER REpT I
W @ IREMET T ETBEHL . BEREE . ERIALRL
FASC A SRR AL, @ PR J5 75 5 T A 57 5 36 2 2 AU
PUIE RS Ty, B B A B B AP AR R

(2) HE M AR EER, Sl REEa &
BB, 8RGO BA bR M« b [ A
B SRACRIHT, BEMRISBED 1T, HEnEe & G MR ™ il
SEm P E S T, B Sl Bl A DU R

SEHE  References

(1] R BEESMMmSHIM]. b5, 2Tkl ik, 2006.
31.
SONG G L. Corrosion and Protection of Mg Alloys [ M]. Beijing:
Chemical Industry Press, 2006; 31.

[2] SONG G L, ATRENS A. Journal of Magnesium and Alloys[J], 2023,
11, 3948-3991.

(3] W2RE, #lEA, M R[], 2018, 54(9): 1215-1235
ZENG R C, CUL LY, KE W. Acta Metallurgica Sinica[J], 2018, 54
(9): 1215-1235.

[4] SONG G L, UNOCIC K A, HARRY M, et al. Corrosion Science[ J],
2016, 104; 36-46.

[5] WANG Y Y, LIUC B, JIAOZ J, et al. Journal of Materials Science
& Technology[ J ], 2024, 175, 170-184.

[6] CHEN J, WANG J Q, HAN E H, et al. Materials Science and Engi-
neering: A[]], 2008, 488 428-434.

[7] SONG Y W, HAN E H, SHAN D Y, et al. Corrosion Science[J],
2012, 60; 238-245.

[8] GRIMM M, LOHMULLER A, SINGER R F, et al. Corrosion Science
[J7, 2019, 155. 195-208.

[9] LIUJH, SONG Y W, CHEN J C, e al. Electrochimica Acta[J],
2016, 189: 190-195.

[10] SONG Y W, SHAN D Y, HAN E H. Journal of Materials Science &
Technology[ J], 2017, 33. 954-960.

[11] WELZS, DINGZ Y, CAI L, et al. Acta Metallurgica Sinica ( Eng-
lish Letters)[J], 2024, 37, 1339-1353.

[12] CHEN J, WANG J Q, HAN E H, et al. Corrosion Science[ J ], 2008,
50 1292-1305.

[13] ZHANG C, WU L, LIU H, et al. Corrosion Science[J], 2020, 174



% 12 RIS B o RV H A B T ) 1083

(9) . 108831. Technology[ J ], 2020, 47. 52-67.

[14] RF5E, =ut, WOk, % TEEMSH R0 ], 2023, 43 [24] SONG Y W, SHAN D Y, HAN E H. Materials Letters[ J], 2008, 62:
(4): 693-703. 3276-3279.
WU J H, WU L, YAO W H, et al. Journal of Chinese Society for [25] CHANG F C, SONG Y W, DONG K H, et al. Corrosion Science[J],
Corrosion and Protection[ ]], 2023, 43(4) : 693-703. 2024, 237, 112304.

[15] ZHUQ C, LI Y X, CAO F Y, et al. Nature Communications[J], [26] WU P P, SONG G L, ZHU Y X, et al. Composites Part B; Engineer-
2022, 13. 5838. ing[J], 2022, 243. 110165.

[16] SONG Y W, SHAND Y, CHEN R S, et al. Corrosion Science[J], [27] CHEN J, SONG Y W, SHAN D Y, et al. Corrosion Science[J],
2010, 52, 1830-1837. 2013, 74, 130-138.

[17] XU W Q, BIRBILIS N, SHA G, et al. Nature Materials[ J ], 2015, [28] WU L, YANG D N, ZHANG G, et al. Applied Surface Science[]],
14. 1229-1235. 2018, 431, 177-186.

[18] ZHANG G, WU L, TANG A T, et al. Corrosion Science[ J ], 2018, [29] WU W, SUN X, ZHU C L, et al. Progress in Organic Coatings[J],
139(7) ; 370-382. 2020, 147 105746.

[19] CHEN Y N, WU L, YAO W H, et al. Corrosion Science[ J ], 2022, [30] LIU D, SONG Y W, SHAN D Y, et al. Journal of the Electrochemi-
194, 109941. cal Society[ ], 2018, 165. C412-C421.

[20] WU J H, WU, YAO W H, et al. Corrosion Science[J], 2023, [31] LIU D, HANE H, SONG Y W, et al. Electrochimica Acta[ J], 2019,
224. 111511. 323, 134796.

[21] SONG Y W, SHAN DY, CHEN R S, et al. Corrosion Science[]], [32] SUNC, LIU C B, WANG Y Y, et al. Progress in Organic Coatings
2009, 51: 62-69. [J], 2024, 186: 108043.

[22] SONG G L. Progress in Organic Coatings[J], 2011, 70. 252-258. [33] WUL, CHEN Y N, DAL X. Langmuir[J], 2022, 38. 10338-10350.

[23]

WANG J, CULLY, RENY D, et al. Journal of Materials Science &

(% KET)



