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Influence of second phase on corrosion behavior of
Al-Zn-Sn-Ga-Mg alloy

HE Jun-guang, WEN Jiu-ba, ZHOU Xu-dong

(School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: Influence of the second phase on the corrosion behavior of Al-7Zn-0.1Sn-0.015Ga-2Mg alloy was investigated
through the analysis of the second phase and its corrosion characteristics in Al-7Zn-0.1Sn-0.015Ga-2Mg alloy. The
results show that the second phases in Al-7Zn-0.1Sn-0.015Ga-2Mg alloy mainly are MgZn, particles with spherical and
rod-like. MgZn, has a more negative corrosion potential, a higher corrosion current density and a smaller polarization
resistance than a(Al) matrix. The MgZn, particles are the anodic phase relative to a(Al) matrix, they form many

micro-corrosion cells with a(Al) matrix in 3.5% NaCl solution, which lead to the anodic self-dissolution of MgZn,

particles preferential, and resulting in the whole dissolution process of the aluminum sacrificial anode.
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1.1 5&H&

Bina Al. Zn Al Mg 58(>99.9%) K /3 4l Sn
1 Ga 1% 5 50 $1(%) Al-7Zn-0.1Sn-0.015G-2Mg FREL .
7t ZGIL0.01-4C—4 ELA8 NP g 4 T 2kA5
EA g i d 20 mm X 140 mm [ [REAE,  HRA AT,

1.2 B R S

8524 Al-7Zn-0.1Sn-0.015G-2Mg 5 4=l HGAFE,
H ISM-5610LV 14l L Bi(SEM)ML S5 B 4123 TF 0] 28
AR AT AT T . XA AT (470 C, 4 h
H+H200 C, 24 h BIRHOAH, FKe b HE R
DSADVANCE M X ST XRD 23 AT A H
JEM-2100 554y 9 St U BE(HRTEM) WS, 43 HTi%
B A TR IR SR —AH o Horp X R AT
PIINIE LR 4 40 kV, HIA 40 mA, KR 0.02°,
TGN 0.4 s/ 5 73 PSR LR UG IS (1)
FEH R 25% (R FH A, L HLUR ol 20~30 V,
HL A 40~55 mA, JRJEZ4-30 C.

1.3 ERIE A&

PR a(ADFEAR(Ga 1% 0.015%38%5) 3 A TERFEAA)
A AR ESY s Bl FLBSHRe AT TR & 4
W BC L i RN AN KA, RO I
Pl VIR, HES 3 AT B a( ADFEARFIEE —AHM
BG4 o SRR G2 HEAT (470 °C, 24 h) [l ab 22,
DA O 4 T IR G 3 A 3 5 43 A

1.4 #RAEhZniK

K = A R4 CHIG60C Y Ha Ak 2% T AR
AL G AE 3.5%NaCl ¥l AL i< . 4 Bh A
WA Z: Ll AR 2331 b A 585 BRI R H 2K Ha AR (SCE) o
HAHEHE 0.7~ —1.3 V(vs SCE), #Hii#%N 1
mV/s.

1.5 EEEmAEiRNE
FH} HRTEM W %2 J&3 il s 5 4 H 28 AR TE S . 8K
S B FH 1% S M I I3 Al-7Zn-0.1Sn-0.015Ga-2Mg

IRFELE 3.5%NaCl i 5 11 30 min, HUH SR
TBN 80 C 1) CrOs+H;PO, ¥ R 5 min L A:BR
JEE, FWRSEYE 3 I, W, EIES TS
GRS SO A 3.5%NaCl %l
392 30 min A1 6 h, HIF B WSS S
1 JE5 T B0

2 HER5SH
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1 izl Al-7Zn-0.1Sn-0.015Ga-2Mg(J5i &)
%) O &S B SEM 15 KSR —AHIM EDX i . M
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T AL Zn NI Mg oz, H Zn 5 Mg EE/R LS
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Mg SE & A T3, wiMg)=1.0 %, @7 Hals
BALEY . n(Zn)/n(Mg)>2 I, ML EEEL S
Y n # MgZn,, H—24EE Mg i, SIERC T M
Mg;Zn; Al Fl B AH MgoAls & MgsZnAl 554 & AL &

(b) Al

Element w/% x/%
Al 88.63 93.71
/n 9.57 4.18
Mg 1.80 2.11
Zn
b
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1 Al-7Zn-0.1Sn-0.015Ga-2Mg &4 KIS HE SEM 15 %
EDX fig % /37

Fig. 1 SEM image (a) and EDX pattern (b) of Al-7Zn-0.1Sn-
0.015Ga-2Mg alloy
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Fig. 2 XRD pattern of Al-7Zn-0.1Sn-0.015Ga-2Mg alloy

after heat treatment
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B I SCBHRRANFRIR 58 AR 38 DX 7 AT P

Fig. 3 TEM bright field image of Al-7Zn-0.1Sn-0.015Ga-2Mg
alloy after heat treatment (a) and SAED patterns of ellipsoid-
like (b) and rod-like (c) particles in Fig. 3(a)
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F 5 AH MgZn, 19 H U HAT (eor) H—1.094 V(vs
SCE) Lt a( ADFEAA H 1l A7 ~1.014 V(vs SCE) 71,
M5 A MgZn, FJE 1l PR T (o) LU a( ADIEAATE)
KT, AN i BR(R,) A 429.2
Q/em?, T a(A)FEAAII N 3 571.6 Qem? /N T i —AN 4k
H 2. W] MgZn, AI7E 3.5%NaCl % b a(ADFEAA
RS, Ay BIAR A . gK B SRR X i i
TR, MgZn, F1 a( AL A RS HLA 0 UE B MgZn,
(1) F A R HI A A7, A JE el R v kg B AR AH AR S
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Potential(vs SCE)/V

Ig[/j/(A-em™)]
B4 BHLAEAE 3.5%NaCl B 130 AL AR A 2k

Fig. 4 Potentiodynamic scanning curves of simulated alloys
in 3.5% NaCl solution

F1 K 4P ZIRE IS SR RS

Table 1 Corrosion parameters of alloys obtained from Fig. 4

Alloy Peorr (V8 SCEVV Jjgor (Acm™) Ry/(Q-cm?)
Al-Zn-Sn-Ga-Mg -1.049 6.603X10° 25448

a(Al) -1.014 5301X10° 35716

MgZn, -1.094 3.627X107° 4292

2.3 [EIRRIR SR

Kl 5 B G A Al-7Zn-0.1Sn-0.015Ga-
2Mg A4 BT ERRAER MgZn, AHI & 20 Y
o 1 5(a) i MgZn, B BRI 22 5 8, H
e S AR o ADFEAAHSE ol EHE & a(Al)d
R4 RN AN, d\=d=2.476 A, d,=2.135 A, 5
AL AT 1) (11 1) F1200)0H) 5 i) EEAHAT, J& [0 1 1]
st o X B8 AR AR BTN, 5 MgZn, [000 1]
g R 1100) A1 (0220) &b TEOMH 4, H.
(11 1)  //(1100) 17, > (111)01//(0220) g7, o IEIL L
PN, B S(0) T o AR 2 S0 T RN EE d=2.476

A, HALMQ T DS HIRIEAR . #RREE AW S
MgZn, f (1100) 1 (0220) FHTHEIAIFE, 5P S(a)H ek
R MgZn, A THT B 5 T Fe EOR ], FUZHY (1100) T
AR R B ik e T (0220) BRI, TR K ERRIE
o

i
T (0220)

' MgZn,[0001]

B 5 W& Al-7Zn-0.1Sn-0.015Ga-2Mg & 4 BRI F0 kAR
MgZn, ] HRTEM 14

Fig. 5 HRTEM images of granular (a) and rod-like (b) MgZn,
in Al-7Zn-0.1Sn-0.015Ga-2Mg alloy after heat treatment

Kl 6 Fian &AL Al-7Zn-0.1Sn-0.015Ga-
2Mg BHIR A5 427 3.5%NaCl % iR 5 Fi1 30 min (1)
TEM 14, HRFEEN TUE MgZn, MLEE BT
A W 6@, 4B AE 7 3.5%NaCl
F R 5 min I8 MgZn, FHICACER CAEH . X
AR T MgZn, AP AT LG a(ADZEAARTHIALIL,
1E 3.5%NaCl ¥ MgZn, A a(AD)FEAA R S5 il
Hait, MgZn, AHAE R BHARAL S %55 30 MgZn, (1425
AR . I 6(b)To, 23 30 min I, IR
BBy M ERIREERIR. MgZn,) S IR, 55 A
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Wi v fr s B At XA EE2 MgZn, HHEE 3.5%NaCl
IR B T IR

B 6 4t # )5 Al-7Zn-0.1Sn-0.015Ga-2Mg & 4> 7E
3.5%NaCl 7132t 5 1 30 min ] TEM 4

Fig. 6 TEM images of Al-7Zn-0.1Sn-0.015Ga-2Mg alloy
after heat treatment and immersed in 3.5% NaCl solution for 5
min (a) and 30 min (b)

Kl 7 B 54 Al-7Zn-0.1Sn-0.015Ga-2Mg &

£ 3.5%NaCl i 2 30 min A1 6 h () SEM 1% /i
30 min B, BPER A RS/ HLIRM sl oA T
Gt b, AR AT RS A O A% (L
7(a)). Mk 6 h i, BRI Bt O R g
J& 5 TR RS 28 T B 1) V6 2R e DX sl (DL <]
7(b)), X Ui W B AR MgZn, AHAE R Bl E A ST A Se v
filt, TR e LTSV R PO ik FH AL
75 410 C A MgZn, ROk AN PIER o AT)HH il b
P4, I a6 iE B MgZn, $0k: 4 BH A A,

FE B ol s A 2 b e 9% . MgZng AHAR 20 ¥ i ) 75
a(ADFEAE, 51 a(ADFEARRIEE. 5—J71, MgZn,

b Mgy Zn®, i Zo® IR JE AT L AP
I8 JE A E, Zn® Tl & N(Zn®™ + Al>Al" + Zn)#
R JFIEAERYT I BT, R S A A R s
W R Ak, AR AR v LA R
&P Ga 5 AL TE RIS Ga-Al K55, XA
SR BN BT, SRS B BN 5 B AEH
ST A 2 T AN W7 2k 5 1 o 15 G R A R T v A [
LR a7 W N L S ZEEE R 1B i N T o v B
Wy R, REm ™ R AR, MR 4S8G 4
AT RS,

L52f
B 7 %% Al-7Zn-0.18n-0.015Ga-2Mg &4 7F 3.5%NaCl %
WAl 30 min A1 6 h (¥) SEM 4
Fig. 7 SEM images of as-cast Al-7Zn-0.1Sn-0.015Ga-2Mg
alloy immersed in 3.5% NaCl solution for 30 min (a) and 6 h (b)
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