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Abstract: Large-scale applications of magnesium alloys are limited because of their poor corrosion resistance. Ce is the
most common rare earth element and has the advantages of large reserves, low density, and good economic benefits,
playing a significant role in improving the corrosion resistance of magnesium alloys. The effect of adding 1 wt.% Ce to the
as-cast microstructure and corrosion behavior of the AT61 alloy was investigated. According to the XRD and SEM/EDS
results, the Mg;;Al;; phase in the AT61 alloy transforms from a continuous distribution along the grain boundaries to a
discontinuous distribution with a rod-like or block shape after the addition of 1 wt.% Ce, and the quantity significantly
decreases. In addition to the Mg;Al;;, and Mg,Sn phases, new needle-like Al,Ce phases are present in the AT61-Ce alloy.
According to hydrogen evolution tests and electrochemical performance tests, the corrosion resistance of the AT61
alloy is significantly improved. The self-corrosion current density and polarization resistance of the AT61-Ce alloy are
14.223 wA/cm? and 2 279.951 Q/em?, respectively. The excellent corrosion resistance of the AT61-Ce alloy is attributed to
the decrease in the volume fraction of the Mg;,Al,, phase, the weakening of galvanic corrosion, and the continuous
distribution of the Al,Ce phase along the grain boundaries hindering corrosion propagation.
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1 LBMBESTE

11 ZHREEMEE

S A A H99.9% Mg 99.9% Al,99.9% Sn Fl
Mg-30%Ce H[a] & 4 (i i 5 50), LA K J67K MnCl, it
L TE SRR A K b A T R . S AR SR R A
99.9% Mg, H ¥ b PR TR 2 730 °C, £ HAx 1L 5 fin
A 99.9% Al Fi1 99.9% Sn, i 10 min, #X /5 A Mg-
30%Ce a4 4 4R 15min, BéJS A JE/KMnCl,
TUkE Sz BRI BERE RIS 5 S 5702847 1 min R 9%
PR 10 min, 295 A IR B2 e 3] 710 °Cl 17 P\
B 5 75 TR A SR (99% CO, Fl 1% SFe, R FL 30 4 3
T R e T B WA E 200 °C Y H1 (52 mmx
160 mm ) FRAFEE A 855 .l o B & 45 5 IR
J51 7 & 5 6% (ICP-AES , XRF-1800CCDE) X 52 % 4
ST 0T . B AR InER 1 TR
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Tab.1 Chemical composition of the investigated alloy
(mass fraction/%)

Alloy Al Sn Ce Mg
AT61 6.01 1.04 - Bal.
AT61-Ce 591 1.12 1.14 Bal.

1.2 HMALRRAE

i FH X SR AT S 11(P ANalytical PW3040/60)
XF A 4 AT WA A0 M XRD 434 B 4l A9 3R R T
4 10 mmx10 mmx10 mm, R A28 SiC /b 4K
WF S 2 F e 5o, FHI R 4(°)/min, HHGEH 10°
~90°, il I 2% 1 i BE(OLYMPUS 8G44018) %] 4 4
i & & mMmoRgs e, SHiFE 24 SiC wh4tFT BB ot
ARG , SRR 77 (4 mL fif f2+96 mL
TooK W) S, P 3 2 S 4 A e O (H-
tachi-S4800) F1H: H L £5 1) X 54k BB 1% 40 11 (Bruk-
er Quantax) X 5 4 5 ZAHFRESEA T WL
1.3 HSELW

RS G A R e, K 10 mmx
10 mmx10 mm A9 184 % IR = W 7E 3.5%NaCl(Jit &
SPBOEEWCT 24 h, B O Sk il AR AU, I
B2 SIC AP YT IS 2= R e T B RIE,, HIEK
CFEMEIG A WK T B 5 FF R 5L 5
1.4 BZEIE

FL A 2 DU S 56 1) o 2% TAE S5 AT A S s A ]
IRAE SV T ALA 10 mmx 10 mm, # F R A CHI660E
A2 AR il = IR R T = B R IR T
VEHLI (WE) 811 R H A%y B B i A (CE) A Al H R
HL L (SCE) N 2 L (RE), T B Bsf 5 A =
A 3.5%NaCliEHH 3 600 s, PAIRISFEE 1) FF 1%
{2 (OCP), #& I 3 3 H A7 451 W A il 2%, £k it &
VLT B A5 S JREE  F 485 X ) R -0.5~0.5 V, F 4 i
N 1mV/s,

2 SKBAERKITIE

21 EWREESHATW
SR A AL 1 R . FEAT61
B U dn B S A A R E R R 5 A U IR
+ Ce Ja, & aH B 7 RS U510 I EHIR AR,
FH R 5 —AH 43 A AR A5 AN 2L H A N RE
SCH A 49 SEM B 8] 2a~d s EDS 45
T 2 hFH E 2a iR AT61 &4 Al i
EE AN = NI/ S R £ B2 TR o
HWHEA D e A BRCIRE A1, EDS 208
SER R A R A A Mg AL (R H BRI
17:12, 45 & XRD 45 87 245 R (K 2e), i A0 8% 1 € h
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K1 S A 44 A2 (a) AT6L; (b) AT61-Ce
Fig.1 Metallographic structure of the investigated alloys: (a) AT61; (b) AT61-Ce
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Tab.2 EDS results of the typical precipitate phases in Fig. 2
(atomic fraction/%)

Element
Points
Mg Al Sn Ce
A 69.70 28.70 1.60 -
B 71.66 4.92 343 -
C 71.82 21.87 0.32 -
D 57.37 34.44 - 8.19

MgrAl, A B s 58 H AR EE M & A K
Mg, DL K /b5 ) Al Sn, 45 & XRD 45 3 (F 2e),
ZAHBR SN Mg,Sn 4, Hrh Mg,Sn A5 Mg,Al,
FEANT Y, S8 EDS 455 Mg H1 AL K 7 4
Ths X 55 Wang S50 BF 50 45 R — 5

AT61-Ce & 419 SEM B F- &l 2¢ A1 d Bk,
i+ Ce HITRINVLAS T 45 AR SR 2046, &4
) MgsAly, AHAE R K SR sl Btk If B4R B 3%
D ELAT B BT S AR A s L EERIRAE
X H AT EDS 4347, 45 3 BoR B AR Y Al:Ce
JRF LT 41, ol 9t 2 o ALCe A, Li SFU9f
PR ZBT AlCe.

22 XHREESHEMHRITAMR

Frascmas RanE 3 s, EL5 i R AT61
B 4 W AT UM £ 5 R LT U R B I IR 3 1 I
AT61-Ce 5 4 1Y M S0 Tt 2 238 T A PR He A
AT61 1 AT61-Ce & 4 24 h [V & & 7 5l b
7.01.0.94 mL/cm?, BN Ce 7T & 25 FEfIK AT61

Kl 2 SC8 4 SEM A A1 XRD &3 : (a, b) AT61;(c, d) AT61-Ce;(e) XRD il
Fig.2 SEM images and XRD patterns of the investigated alloys: (a, b) AT61; (c, d) AT61-Ce; (¢) XRD patterns

8
— ATo61
—ATol-Ce

Evolution hydrogen/(mL * cm™)

0 2 4 o 8 10 12 14 16 18 20 22 24
Time/h
K3 Sl a e AL mas ik
Fig.3 Experimental results of the hydrogen evolution of the
investigated alloys
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2.3 BEAZENR
Kl 4 RE A A e i iRz 5, xF R i
PUEHHE W 3, AT61 Fl AT61-Ce A 41 H i i
A3 5 -1.482 1 -1.471 VSCE,, 11 [ J& it i, o7 2
Ty 2E B AU R b AR A v R BEAE R A
F3 R EA BB

Tab.3 Fitting data for the polarization curves

B Leor Ba Be R,
Alloys
Nse /N(pA-cm?) /(mV-dec!) /(mV-dec') /(Q-cm?)
AT61 -1.482 21.380 65.1 177.15 968.106
AT61-Ce -1.471 14.223 134.17 167.94 2279.951
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Fig.4 Polarization curves of the investigated alloys
TS R 8 OV e S U 15 e S 7 S R |
JE§ it P O JBE A A A L BB, AT61 Al AT61-Ce 7
G JE ol E R R B R 21.380 F114.223 wA/em?,
Ak HLBEL 43530 4 968.106 il 2 279.951 Q/em?, X 5
Pra SLE Y 4518 — 5,

B 5 RS I AR 48 TR IR L D PR R A A
BRI, 2 4 N AR R RS, WA 5a ]
W& e PTIE S o 1 A S PUER (1 DA
PUERA 1 AU ST IR N, A0l i 58S
G AT 1 I A0 P i B S b A 1] Mg 2k 2 e 8

Mg 11 i 1 2 B FLBELAT G, BT Il B AR 3R & 4 R
KA EIS LG 1 AE R B AN ] 5d Fos o FE
ORI WAL B R A1 CPE, 43 514R 3 Mg(OH),
J L BEL AT Mg(OH), 6 L 25 | R, A0 36 B o 5 A2 L IHL
CPE, [RFEXUZHLZE, 5 vt/ v i Jo T A % A 1Y)
XUHL 2 L ff 7 B i B A 06 R A L ARG &
e S JE ok 7= o 2 % L LR R R — R A
Ry 1 R ST plt M G AE He, BB R A R, (A3
T, A 4 T ol it v

M Sb o] UL A A 2 -90°, RIS A 4
A BT RS W S 2 A A T UL AR
DX PR DX A T A T S O e AR X A —
AN SRR R R — 8, B Sc i
- R i £ P AT61-Ce & 4 WY BILHTHL(E |7) W &
KT AT61 G 4, 22 B LT b 5 f 0

AT61-Ce 5 4 HAT B At bt i JE R 45 4 1Y)
ML LUE A Ce J& &4 T MU 78 AT61 & 4
HLK H AR A2 1 MgpAl, #15 Mg 3R )il
Ty IRIAE S BE AR 19 B AR I 5 . LA S MgbAlL,
FAAE A G R R Mig,Sn R D) AT LA 28 85 okt 1) i A
PR, #—Lmt ATel Wyt #2, mifE

5 528G 4 EIS 25 R ANSE80H 3% < (a) A3 2 R 185 (b) AH LA -3 28 5 () B3T3 2K 5 (d) 55280 %
Fig.5 EIS results and equivalent circuit diagram of the investigated alloys: (a) Nyquist diagram; (b) phase-angle-frequency curve; (c)
mode-value-frequency curve; (d) equivalent circuit diagram
®4 XREEEISWEER
Tab.4 EIS fitting results of the investigated alloys

Alloy  RJ/(Q-cm?) CPE/(Q'-cm?-S™) ny R/(Q-cm?) CPE/(Q'-cm?-S™) n R/(Q-cm?)  RJ/(Q-cm?)  L/(H-cm?)
AT61 0.400 98 5.134 2x107 0.942 45 7.243 2.4352x10° 0.841 86 456.1 1157 1514
AT61-Ce  0.390 05 4.885 0x107 0.957 28 8.693 2.382 8x10° 0.827 11 1014 5063 7 852
https://www.cnki.net
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AT61-Ce &4 WY Mg, Al AHECE I R, H il
PR 3% 2 4 A7 AR S HOR B K SRR . MgpAlL, AR R
S ECT B LE G A R R 0 SRR A R o B S 5SS . H
XRD Fl SEM Z5 5 a] 1, £ 2E 1) Mg,Sn AH & i [F) 4
BE TR, TRV A S B AS B R AR A0 A 1 ALCe
(K 2¢ il d), H 5 HARSE S8 B %, A5 %, ]
R A R e T T A ey T |
HEAT NI H 85 T & 4 1 T ol

3 it

(DAT61 & 4 155 —AH A PR Mg,,Al, A6 Fil i
Y Mg,Sn A, 5 AT61 &4, AT61-Ce &4
Wy i PSS HE o A1 2 HT I ERIR ALCe #H Mg ,Al, AHAY
TS & AR, RPN AN S PR a3 B
ARG FEBCR A 3 R R

(2)AT61-Ce & 4 T Z 3 %k 0.94 mL/cm?,
HHEE AT61 A4 FRET 86.6%, H: [ i it 37 28 B Al
WAk H B3 51 A 14.223 wA/em? 1 2 279.951 Q/em?,
TN Ce J5 & & phv kA5 2 B B 427

(3)AT61-Ce £ 4 B4 (4 T b M I DAL 77 ¥4 o 1
RN ALCe FHXTJE My~ R M6l , Mg,Al,
AFAARFR 3 500 MR T Wl 55 07 ol Fb A0 o
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