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ABSTRACT The effect of Ag micro-alloying on the microstructure and corrosion behavior of the as-
casted Mg—-2Zn-0.2Ca (ZX20) alloy were investigated by means of OM, SEM, electrochemical tests, and
hydrogen evolution mass loss method. The results reveal that the addition of 0.5% (mass fraction) Ag af-
fects adversely the corrosion resistance of ZX20 alloy. The corrosion rate increases from 1.63 + 0.17 mm/
a for the ZX20 alloy to 4.06 + 0.68 mm/a for the Ag-containing alloy (ZXQ200), primarily due to the potential
difference between the second phase and the matrix. The dendrite arm spacing of the ZX20 alloy (69.8 *
24.9 um) is smaller than that of the ZXQ200 alloy (85.9 + 23.9 um), potentially contributing to the greater
local corrosion depth observed in the ZXQ200 alloy. The two alloys all consist of «-Mg and Ca,Mg,Zn,
phases with a similar volume fraction of the second phase, and no Ag-rich compounds have been detect-
ed for the Ag-alloyed ones. However, the Ag segregation in the second phase results in a heightened po-
tential difference between the second phase and the substrate, elevating it from approximately 60 mV
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(Z2X20) to about 200 mV (ZXQ200). This segregation enhances the micro-galvanic corrosion driving force

in the ZXQ200 alloy, resulting in a shorter pitting gestation period and an increase in local corrosion sites.

KEYWORDS Mg-alloy, Ag, second phase, micro-galvanic corrosion
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Table 1 Chemical composition of experimental alloys

(mass fraction / %)

Alloying element

Impurity element

Alloy
Mg Zn Ca Ag Fe Cu Ni Si
7X20 Bal. 2.00 0.20 - 0.0110 0.0013 0.0008 0.0110
7XQ200 Bal. 2.04 0.17 0.50 0.0091 0.0006 0.0027 0.0092
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Fig.1 Vertical section of quaternary phase diagram of Mg-2Zn-0.2Ca-xAg alloys (a) and XRD patterns of the as-casted

samples (b)
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Table 2 EDS results of the marked points in Fig.2

Alloy Point Mg Zn Ca Ag

7X20 1 84.5 11.3 4.2 -
2 84.9 11.8 3.3 -

7XQ200 3 73.6 18.1 5.6 2.7
4 77.1 15.7 53 1.9
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Fig.2 OM (a, b) and SEM (c, d) images of ZX20 (a, ¢c) and ZXQ200 (b, d) alloys
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Fig.3 EPMA images of ZX20 (a) and ZXQ200 (b) alloys
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Fig.4 Variations of hydrogen evolution (a) and hydrogen evolution rate (b) vs time of ZX20 and ZXQ200 alloys immersed in

saline solution at 37 + 1°C

—o— ZX20 alloy
-1.9F  —»—ZXQ200 alloy

1.1
(©

=472}
—o— ZX20 alloy
-1.3F - 7XQ200 alloy
141

15+

Potential / V vs SCE

-16F

-1.50 15
(a) (b)
w -155¢ w -16¢
2 s
o 160] @ 17}
>
2 165 < sl
= =
& -1.70 —— ZX20 alloy 2
g ——— ZXQ200 alloy a
.75}
20}
-1.80

0 3600 7200 10800 14400 18000 21600
Time /s

107 10% 10% 10% 10°% 102
Current density / A-cm?

10% 10% 10* 10° 102 107
Current density / A-cm™2

(& 5 ZX20 F1 ZXQ200 & 4 1 2 f Ao i 28 BRI AR AR A ity 282 R0 BH AR A% 1k ith 28
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Fig.6 Nyquist (a, b) and Bode (c) plots of ZX20 (a, ¢) and ZXQ200 (b, c) alloys after immersion in saline solution at

37+ 1°Cfor 1 h
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Al \ R, CPE,-T R, CPE,T R, L, R, L,
0
Y gem’ Qem’ uQ -em-s” Q-em® pQ'-em”s" Qcm’*  Hem® Q-om’ Hem’

7X20 8.2 1053.0 17.1 0.91 1194.0 911.1 0.78 12672.0 157640.0 - - 0.0052
7XQ200 5.1 262.7 21.4 0.89 - - - 336.7 586.4 1039 6.645 0.088




1280 H ] e B A 2 AR

44 %

P, 97 K LA 22 OB I T AR, 3X A CPE-T fH 5K,
7XQ200 £ 423776 30 min J5 [1) CPE,-T H Lk ZX20 &
& B R, BB ZXQ200 A 4 1E % 21 R W R R g
TR LG ZX20 & 4 1 B ORP, ROFI CPE IR B 73
Sl 2 7% 2% THI G ok 7= ) 2 1 A S TR O P 2 1) H BELAT
RFTH AT N . ZXQ200 & 4 IBHPTI H % 1 &
[ ZE BTN, 7] B A 75 Z MR 2 T Z2XQ200 & 4=
3 e 8 2 PR T S SV R BE PRAT R A ER T P
SE R, IX ] fE 3 R ZXQ200 A 4 T JE il )
JELBE SRy ik, BELAS CUAR il FH AR 5525, R FIL H:
RN HLBAT A, P i o 5 e R RS R
TS B4 S A E) 4 J5 Mg O B o 3K o 4 R A
7 B AR R I FAR R T, FEAE NS A R R A
R, L 53X B s 2R T 13 VEAL s A 0%, R RN
HZ G HE, RAEMCK, RS SR
8 TR /) DT 3 T VR B 1) Mg B il b o i ok
T A R T 5 ) S S o = A ok 2 A R T A
ANo PRI, Ag TR R INIRSS | #5745 Mg-2Zn-0.2Ca
G ARV S B =R AR . ZXQ200 A
SIZ0 1 h 5 BTN BEAT B S B SUB LI, X AN
[F5) 4D g b T 3 DX A 1 28 R P I A% L R, 5 L R BN
N7 JES e e o X35k, T Ry, AL, B BRGNS ik ™
X I

PIRh G 4 AE 37 = VCHEIR 1A B 3K IR AR
[F) B 5 P A 40045 R 5% PRI A5 % G 82 PRy T ok T A B 451
Guit s R 7R . B AS G E 0E R Y
S5t T 1) 40 356 A0 AP P 320 5 DX 3 ) 00 [X
Wik . Mgk R A, RS d IR RE A,
ZX20 & 4 IR vh AR R B 38 3 AN B R IR B
BB TE6~24 h N, R T AR EL 2950 3% 5 55 — B
B, 75 24~72 h I, ZX20 & 4 K JE b i AR EL 249 R
8%~10%; 2412 VLH M) K F 72 h J& , J5 e T 51 bl ikt
. ART ZX20 & & 28 1 E AR L, ZXQ200
A A IR phod SRR . 4R M A /N T 84 h,

ZXQ200 & 4 R H I B vl T AL RE 12 h 3G & 2928
1.08%; 2432 ¥ I} [A] KT 84 h i), ZXQ200 & 4 % 1M
g b TR AR A A it 2 P R 26 B S B A, JHL SR T JS ot T
R 200N 0.25%.  m Pl 2 E A A, AUk
R R i A G e 3 T R, ZX20 A 4 B K 05,
PhZEE B, T ZXQ200 4 4 1) sk 24 B HAR S, T g
JET Ag BT AR EAS 28 A HBALZER K, N
(GRS SN = TN L ) A B S I S S R=R Vb
RS2 T ot 455 JB5 DA T S P DX 3 498 R 1 B 2] 1) 7
P& & ZEMEHRAT L. R 12M24 h 5
FEHA HE AR, Hd, ZX20 & 43R H I
1) P 8 57 b [X 98 (12 h) & A AL T B AL JBE (24 h)s
ZXQ200 & 4 FTHI H AL AT 2 €885 1t [X 38 (12 h) B )
(i) 348 0 I R Bl Ak, T A 4k 2 Tk RE R TET, iR
ZXQ200 £ 4 J& vt X 3Bl 4K T 75 1 B KB Z2X20 A
EHK. ZXQ200 A 4 1) Ji g Z R, b Sl F
AN 5 DA S A I =) |2 22 TR AN W
& =S, X AL AT =T g s 2 FL Xtk —
UL T ZXQ200 £ 43 1 7= M AN B & A 3 AR
e,

K] 8 Jy i Fh & 4 7E 37 + 1°CHE I A= B £6 /K
123930 min J& B =50 SEM . ZXQ200 A
SRR VT 2 5 E 8 = ) MERR X3, FLax 26 J= 30
JE§ Tl 7 A 3 B o AT AR R AR BT, X T RE VR T
ZXQ200 & 4+ 5 A 5 AR HLAL 22 T ZX20 &
SR EEKRK. M EBREMEY S 127 30 min )
ZX20 A SRR TH R A /> & R A7 7E R R
J& b3 5 SR L 4 ZXQ200 A 4 iR AE A, JE 1t J LT
T 55 BT, oKL P ER T R AR T e T o

PRl 47637 £ 1'CHER KA HE KPR S d
JE AT SR Wi B 9 Fras . AR AT 1 43 BT B 2
WMEEH) , ZX20 Er 4 J5F b 2R T = 30 Jo3 ok X 3 e 2>, 24
55 30%, 1Ml ZXQ200 A5 437 ] Jm 30 i3 b X 3 A 22, vy
1K 70%(— 4E LR LLB) o AR5 Je) 5 ek X 45 (1) v i

(b)  —=—2X20alloy
—A—ZXQ200 alloy

@ 30 min 1h 3h 12h 24 h

k

Zx20 R B

ZXQ200

0
0 12 24 36 48 60 72 84 96 108 120 132

Immersion time / h

7 ZX20 M1 ZXQ200 &< £ 37 + 1°C HYLE B ER /K iR i AN IR I 18] Ft) 2 WL 30 K L T ik i AR A2 A il 2k B

Fig.7 Optical micrographs showing the macroscopic surfaces of ZX20 and ZXQ200 alloys after immersion in saline solution

at 37 + 1°C for various time (a) and responding curves of corroded area evolution (b)
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