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#F 1 Mg-Li-Al- Zr & &ML
Table 1 Chemical compositions of Mg-Li-Al- Zr

Mass fraction/%

Composition
Li Al Zr Mg
Normal 10 5 0.02 Bal.
Actual 10.12 4.98 0.02 Bal.
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B ERE LB R T A TAETH » fEFHl s R kAT
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TAEHM, A KClHRBRES LN, FEmRE
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Fig. 1 XRD patterns of Mg-Li-Al-Zr alloys: (a) As-cast;
(b) As-extruded

22 BMITH
22,1 HrE Bl

Mg-Li-Al-Zr & & #4551 /il J5 7E 3.5% NaCl i i)
TR B 4 FoR. K 4 TR, ARG
JERTfE AT A A — B R, ST EE R

Fig. 2 Backscattered electron images of Mg-Li-Al-Zr alloys: (a) As-cast; (b) Magnified image of (a); (c) As-extruded,

(d) Magnified image of (c)
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Fig. 4 Hydrogen evolution curves of Mg-Li-Al-Zr alloy

immersed in 3.5% NaCl solution

P o ] 52 2R P, TIBY TR A BT SO e i T A 1
JE5 ik 8~10 h o, S5 RIEE H ASFE T R AT 018 26 3532
g, (HARRIGK, HAPH AT EE R BT
AN S8 18~20 h LA, B M EE RN H
i, AN REMHK, MRS RIEER .
FEERT G Mg-Li-Al-Zr &4 T E08 R (V) LA R
AT EAG 1P phid R (P 45 Rk 2 sl
B A5 R T 25 B [ 1 35 5 ol T3 2R 43 3l DR (2.3540.2)
mm/a F1(2.12£0.2) mm/a, AIAIHE G &S EEE
MU TR, R R
Mg-Li-Al-Zr & &R EATIETE 3.5% NaCl El)

B3 %A Mg-Li-Al-Zr & 4 1015 U 18 A
ANE HLF AT BT C R A RZEK) Mg Al
Al JLER I A

Fig. 3 Backscattered electron image of cast
Mg-Li-Al-Y-Zr alloy(a) and corresponding
elemental distribution maps of Mg(b), Al(c)
under EPMA system
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B R e, BRm=iE B RE b ERA, 1
BAGERE YRR, HRIESHE . xR
% 1 5 6 4o PO o R T PR 80 LB L R 1 =)
ke B ST NEEHETETE 3.5%NaCl
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EwsEr. mE S @RTR, SFHESEENE & E
e, HADEEMYT, HBEMEES/NTESE
SRR . B S(e) (D) Fm NG &5 il G 18
3.5% NaCl IR 30 s GRS HE 5e)
AT, HBEEER BT ED THES &SN,
R B g e B, HLASUOF 4G TR a-Mg FEEAA B-Li
PIAHZ 18] o BF 25 A 4 1A J6 ok 32 B A 7 s £ B A
B-Li A, R EIEARASE M, XU o-Mg
FHI TSR 23 A7 5 A & R oA B 2 5

HHUL RN, FEREASHE SR, A0 £E divks P AL 57
I o-Mg F B-Li FEARZH A T R F,  H Li (19
HAL(—3.02 V (vs SHE)HRAKT Mg BIHAL(—2.37 V
(vs SHE)!'®, i -Li F1 a-Mg #1762 _F A 2 5 X )2
FARH) Mg F1 Li S &AFEB-Li A L S EET
Mg &), ik, p-Li MM T o-Mg AHI, P
FHIA R AE T AR S ol AATTIASE B-Li AHA S ol T 5%
AR, BT o-Mg ARG HE 5 TH Y AN IESE 1)
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Table 2  Electrochemical data calculated from polarization curve and hydrogen rate of Mg-Li-Al-Zr alloy

Sample Peon(vs SCEYV  b/(mV-dec)  Jun/(nA-em?) P/(mmea') vu/(mL-em>-d") Py/(mma’)
As-cast -1.358 -171.48 119.75+8 2.74£0.2 1.03£0.1 2.35+0.2
As-extruded -1.349 -172.23 64.16+11 1.4740.2 0.93£0.1 2.1240.2
Mg-Li-Al-Ce-Y-Zn!'! -1.575 -273.0 197.0£19 4.50+0.4 - -

5 Mg-Li-Al-Zr &4 7E 3.5% NaCl ¥ 2 5 808 oh % T30

Fig. 5 Corrosion surface morphologies of Mg-Li-Al-Zr alloy after immersion in 3.5% NaCl solution: (a) As-cast sample, corrosion
for 26 h; (b) As-extruded sample, corrosion for 26 h; (c) As-cast sample, corrosion for 26 h, removing corrosion products;
(d) As-extruded sample, corrosion for 26 h, removing corrosion products; (¢) As-cast sample, corrosion for 30 s; (f) As-extruded

sample, corrosion for 30 s

HORHZ, B T B-Li F1 a-Mg A 7] R 4 e 45 PR BT 5 ) Mg-Li-Al-Zr 4445 3.5% NaCl 3%
JE ko DRI, #AEY R AT DARE i B 4 1T R i PR R W R s A AR 2R 6 fion. I 6 AT UL,

222 B AR 2 FAAHIZR B P B R ST EIE R B K
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XA 2 RAEN AR, BRT fEBEN . B
CorrView # A4 HH [] Tafel #ME 8 1l LA (poor) B 4715
£ 120~250 mV Y1 A I AR SCAR 311 AR SL AR JE h e
T E (Jeor) o AT BT EEAL (poor) BT s BIAR S R INZR
PERZR, BAEASRIBIRIE b 2 BN T B
HLAE MBS P AL oo (vs SCE)VEIEFAT, J& i B it 2%
JEE RG0S A R R B ) R e A
(pp)o XK THEG R AE T PRS0, 128 k)i A2
SEHM TSR . HY, TERRR AT &80
R o R, B R R R H PR . PARDO
058 T Mg(OH), JBIRETE pH<11.5 ) 3.5%
NaCl i AT E B2 5 ik, I lE& e — 2
ot o T ISkt LA (pcone) I FE L LI 26F BE (o) 0 JRH 1
Ine A EEES B BHAR SO HLF R H 3B 21 s
Bi(pp), (EARMINBEALILR o 1035 He A4 i 72 FH B
XhEERA R, WL e, XARERZ
TRE R R k= ) R0V
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Bl 6 Mg-Li-Al-Zr & 413 AL AL il 2%
Fig. 6 Potentiodynamic polarization curves of Mg-Li-Al-Zr

alloy
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A /em?) o 171 J b L 30 2 R /N DU R R A A O e

JEE TR PERENS ), DR T4 = Mg-Li-Al-Zr &4
R B ek B, AR T Mg-Li-Al-Ce-Y-Zn A4 1.
AR Ak, it 22 P40 9T 63 ol L 25 T 15 9 M 3 ik 2 R
WrEUE R TS 1R i R A A . X2 T EHERS
B 11— BLISF 1] P9 ISP 35 J8 kg 2 (Py), T AT BT 45
(0 JE3 b 6 () WU 2 7 Dy B 4 PR ) S e 1), A
SINTEE S SR AT T, b SRR K I
o L E .
223 AZHFHGTIN

K 7 BN Mg-Li-Al-Zr &4 1F 3.5%NaCl %3
JF 6 HLAL(OCP) I IAZ i P R (BIS) . Y R AT fS
BE S IR IHAT Nyqiust B3 AN K ANANZE 1 55T
IRZL A, FLH: Bode H A1 A0 45 N AH X IO 1) 25 ol
TE R, BRSPS 0 (1 H A/ H AR o T
A%, MHRARIX A /INA 2R 4T PR % T P 5
AR HE 7()FTH, FESFER AR
B R K TR . FA5 R AT G A i 0 2 R0
PRI S (0L A 45 SRt ) 7 e 3 B N T T LE
#2, Mg-8Li-3Al-1Ce-1Y-1Zn & 4&7F 3.5% NaCl i+
AR A S R WA TR 3 . TEE 79, RE
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(@ & CPE,  CPE;
o T
R, R;
&E‘ 800 | s As-cast
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S 600 | — Fitted results
N 400
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(b) .
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130 ©
20

| Z|/(Q+cm?)
2
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El7 Mg-Li-Al-Zr & & AEJT B AL R (OCP) B3I BT 1T
Fig. 7 Electrochemical impedance spectra (EIS) at OCPs of
Mg-Li-Al-Zr alloy: (a) Nyquist plots and corresponding fitting

equivalent circuit; (b) Bode plots
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AT, R RN AT RS HIRH, R RN HLIH .
FE X T, SPAT T LA 5 78 F B (R L K A il S
PR/ R AR VA T R UL 2 A %, AR DX A8 /N 55K
5 TAE AR F MY Mg(OH), A 2021, CPE, %
AR R E AL A o, T CPE %78 Mg(OH), )
WAL e TR AR AL A G (CPE)— R R
FEERAE 1 LA RIAME RGO AE SR LS
F A 3 THI PRI SOUAEL RS FE AT 520, CPE W LAARYE Y F n
P SHOF B R@PHHEAE, R0 o, FoREDT
o TS B RARL A TGS 2 A A
C = Y(ow)"' “4)
M 3 TUEH, HEMFESESEMERMIX TN
FE 7 # 7% FELBH(R) 70 ) N 748.70 Q-cm” A1 1095.00
Q-em’, BIFFEAH) RAEK, R THBH BT
PN 5 28 i FARGR T O 2 o FEAIRATIX, FEEAS
B S O L BH(R)MEN 1466.00 Q-em?, AR AIN
350.00 Q-cm?®, 1fij Mg-Li-Al-Ce-Y-Zn & 4 A H /M)
P, XRWTHES Mg-Li-Al-Zr & &R
Mg(OH), JEA FIFHHI L E iy &, 1 Mg-Li-Al-
Ce-Y-Zn &4 IS A e (R4 BE & S 5AP28, /
)P AR AL L BE(R,):
R, =R+ R +R; %)

G &, ML BRR)E R, & ik 2
AL, A&t hk 3 e,
Mg-Li-Al-Zr 8 A& FIHE A FE S AR AL B BE(R,) 43 31
2569.60 A1 1112.10 Q-cm?, Mg-Li-Al-Ce-Y-Zn & 4]
MeAk BLEH(R,) 435104 1112.1 1 232.0 Q-cm?, X R B HF

Enig15=1304 eV, Eo,=531 eV), Li,COy(4i & fig:
E115=552 eV, Ec,=289.9 eV, Eo,=531.9 eV),
LIOH(Z5 & fE: ELi=54.9 eV, Eo.,=530.9 eV), 1R/>
I MgO(45 A fE: Evega=1303.9 eV, E1=530 eV)
A Mg(&5&fE: Ewg1s=1303 €V)o

HHE 8 WA, FFEASEG MR Y32 R
Mg(OH),. LiOH. Li,CO; fl MgO. H& 5(b)rl %0, #F
JEARG &R R RS S A 4805 . LIN %P0
T T E 9% Al(F &40 501 Mg-Li-Al-Zn & 4 £ MgCl,
R R = E & Mg(OH) /Al IBEY), &4
AILi AHEEAZ TR 1) AL FURL R A8 1 =47 |2 A8 15 B8 5
WIES:, PREAEW SRS, A Mg-Li-Al-Zr
EENE A £y Mg(OH),. LiOH. Li,CO; Al
MgO, HEKRIA Al 5L Al L&A K. XATRE
HTH Al 8K, FFESEE&T R AL B E
D, R B O R AR B A OHRAE S Tl B2 R B
EWHIBN . XU ZUVEHAE Mg-11%Li &85
BUIKYP) B-Li M, R 5 A i — 205 1) Li,CO;,
&Y, BeA RS FARA Y — P R ok AT
P A Mg-Li-Al-Zr &&= 1) Li,COs a4
S kS 2 BE 0%, AT BELASHA YR I SR B J . S
BR[10-30]K M Li kA EEA P AL 5 CO,
SRR LiCOs, Wis(6)M(8) . Mg th45 5 Ak
I MgO, (7). KEFMF=YTE a-Mg HH
R4, HAEDLEMRLGA, U] LS R4
AR NS, i a-Mg A B-Li A2 18] & 2E A3 LA
&, BRI, p-Li A Li A1 Mg J& i AE B Mg(OH),
A LIOH HAEZAS#E L, mo)~12)Fi7xs:

FEJE I Mg-Li-Al-Zr 44 e 1M bk e gp, B ALT02—2L00 (6)
P HRE L Mg-Li-Al-Ce-Y-Zn & &M B ihtERE  2Mg+0,—2MgO (7)
U, X SHT AR AL BRI T 4518 — 5. Li,0+COy—>Li,COs ®)
224 JEIRIZE ST
FAIEA Me-Li-Al-Zr 4875 3.5% NaCl iy g0 tH0—Me(Of) ®
1 h 5 XPS W 8 Fir. I 8 WA, &4  ROTH0—2LIOH (10)
JE O EE H Mg, Liv C 10 JLRAM, KM Al Mgr2H0—Mg(OH),+H, (1
A AL EY), EZELEYN: Mg(OH)(4 & BE: 2Li+2H,0—2LiOH+H, (12)
3 BT PTG A A DG A5 R0 HL I T v s 1 45
Table 3 Results of fitting Nyquist plots from equivalent circuit
Sample (Qisr/nz) (Qi{nz) (Qg(i:lr;g{s") a1 (Qifr/nz) (Q’(ll'/;?; sy M (Q{ecpr/nz)
As-cast 13.40 74870  3.11X10° 0.88 35000  1.07X10° 0.77 1112.10
As-extruded 8.60 1095.00  3.54X10° 0.85 1466.00  1.14X107 0.33 2569.60
Mg-Li-Al-Ce-Y-Zn!'!) 7.0 2250  2.80X107° 0.91 - - - 232.0
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Fig. 8 XPS spectra of corrosion surface film on extruded Mg-Li-Al-Y-Zr alloy after immersion in 3.5% NaCl solution: (a) Survey
scanning spectrum; (b) Binding energy of Li 1s; (c) Binding energy of C 1s; (d) Binding energy of O 1s; (¢) Binding energy of Mg ls;

(f) Binding energy of Al 2p
:l:. N
3 g
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Effect of extrusion on corrosion behavior of
Mg-10Li-5A1-0.02Zr alloy

HE Yu-qing, PENG Chao-qun, WANG Ri-chu, FENG Yan

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Microstructure of Mg-10Li-5A1-0.02Zr alloy and the effects of extrusion on hydrogen and electrochemical

corrosion behavior of Mg-Li-Al-Zr alloy in 3.5% NaCl(mass fraction) solution and the corrosion film structure were

studied by X-ray diffractometry(XRD), electron probe micro-analyze(EPMA), scanning electron microscopy(SEM) and

X-ray photoelectron spectroscopy(XPS). The results indicate that the Mg-Li-Al-Zr alloy after extrusion consists mainly

of a-Mg, irregular AlLi, dispersed MgLi,Al and S-Li phases. After extrusion, the structure of Mg-Li-Al-Zr alloy becomes

more evenly, the grain size of Mg-Li-Al-Zr alloy refines, the number of second phases decreases. The average corrosion

rates(Py) of Mg-Li-Al-Zr alloys before and after extrusion are (2.74+0.2) mm/a and (1.47+0.2) mm/a, respectively. A

discontinuous banded structure forming along the extrusion direction and the uniform microstructure can weaken

effectively micro-galvanic corrosion and increase corrosion resistance. After the extruded Mg-Li-Al-Zr alloy is immersed

in NaCl solution, a dense and compact corrosion coating which consists mainly of Mg(OH),, LiOH, Li,CO3; and MgO

forms on the surface.

Key words: Mg-Li alloy; electrochemical measurement; corrosion behavior
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