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ABSTRACT The corrosion behaviors of the extruded Mg—0.54Ca and Mg-1.33Li—0.6Ca alloys
in simulated body fluids (SBFs) were investigated using weight loss, hydrogen evolution and pH
value measurement as well as dynamic electrochemical technique. The microstructure and corrosion
morphology of these alloys were discerned by means of OM and SEM, and their corrosion products
were analyzed by XRD. The results show that the microstructure is composed of a—Mg matrix and
secondary phases: MgoCa and CaLiy for the Mg—1.33Li—0.6Ca alloy, while a—Mg and Mg,Ca for the
Mg-0.54Ca alloy. At the initial immersion stage, the corrosion rate of the Mg—1.33Li-0.6Ca alloy is
slightly faster than that of the Mg—0.54Ca alloy, whereas at the subsequent period the Mg—1.33Li—-0.6Ca
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alloy has a corrosion resistance higher than the Mg—0.54Ca alloy. Lithium let to the formation of a dense
corrosion product layer, which consists LiH, Mg(OH)s, MgCO3, CaCO3, CaMgCO3 and CaMgPO,
for the Mg—1.33Li-0.6Ca alloy, however, it consists of MgCQO3, CaCO3z and CaMgPO, for Mg—0.54Ca.
Pitting and filiform corrosions are the main corrosion types of these alloys in SBFs.

KEY WORDS magnesium-lithium—calcium alloy, biomaterial, corrosion, simulated body fluid,

polarization

B S HA RIFH R A, 408 Mg s
YRR E h 45 GPa, 25 NEiME#E (1720 GPa)
TSR R, REARUPEMR “ SRRy, &—
KEAABHESVEM SR IR Y ke 3], Mgt
RAGHENTRES 4 MAHET, JLF25 ARM T
BHERAEET R, BF5T [0) 20, S8 SmAIkAN
Ja—% 60—120 d WELEERhFERTT ISR, H Mg 728
Pt B R S A R FA . TR AR
P EE SR B 5 L U A R S R
Z [EAHVCEE, Mg REA SRS H st A et 2k
EXTHABRME A i sk O, i, RS &8
Pl A RS & AR H HEL.

B EE. BB, JERFIRE SRS S
Bosmtos 0100 TR T AR EETLES Ca,
Mn, Zn, Si, Zr, Al, Bi, Sr, Sb, Y, RE, Sn #1 Li
g 1=31] 0 g5, Mg-Znl'2~14 (41 Mg-Zn-Mn-Ca
f Mg ZnZr-Y), Mg-RE[M, Mg-Cal'6—18 1 Mg-
Li 19 g4 & ft R 7 IR 5T IE 2 B BF 58 25 19 80 B 5%
. Ca BAMREH PR EERS, EME. NLANE., #
ZevhhiBh, O MOREERE . M ST
TP EFEEEH. Ca HFAbEMAER, 3 Mg Ry
DL TA AR 29 {5 Ca i\ Mg-Li &4
AR CaCO; R, #7% Mg Li 44 21,
Li xt ARt EA L EhRE s 1B, Ak
LB R R R R (1), % Li xS
S I Il A B R R TR Z AR LS, B AT, T
Mg-Li A-&H Bt xR R T A TIKEREs. B 22
WA, Li AHFUREAC Mg s A 1E/H. T Sivashan-
mugam % 23 M5, 24 Mg-13% Li(JREM0) 487
A 2 mol/L MgCly ¥#it, Lit &5 MgCly s LiCl
VisEAERT Mg(OH)o fLBR TS NP E i Mg-Li &
EmpEiEs. RE LiCl fKER P R AR S ERE
(£ 0 C 100 mL /KH A% 63.7 g LiCl), {HEF5E 2
LW, FESARWEE LiCl i MgCly W, AZ31 4
SR EhEREE LiT YRR RRAR, Ji0 Lit B4
EESES S Er/ER, 2 Mg-Li-Al-Zn &4tk
HEE AR T LiCl )R E, w2+ AlL k75 e
HERMLRGELETRE R TR . BEH5R 2 )
i, Mg Li-Al 44 (Mg 15% Li- 5%A1-0.5%RE) #4it
MRS T4 Mg 2T Mg(OH)2, MgAl, Oy il Al O3

HIFLFEVEH BTS2, ST, A% Mg-Li &&7EBU Ak
R PR AR AR DL ARG, B, A LB Mg-Li 44
TERTU AR B S L, Rl Li 99,

BT AR 29 #6477 Mg-Li-Ca £4: i B2 15 FIBF
I8 AR L Mg-Ca &4k TS, #F9¢ Mg-Li-Ca
B BRI P AT R, FRaHT Li RN
PARAA R o 4 T P RE A R M.
1 LA

2y Mg—0.54Ca #il Mg—1.33Li-0.6Ca (it 4>
¥, %) A& NFERIER 5 Ml 8 mm JEHH. B EAE T
SN SoRERIAE 320 CHIM 5 h JEHE; BLERE
S 300 C, HEFEN 13 m/min, HFEHH (16—20)
1 OB ERAEYIE AL 10 mmx 15 mm x5 mm #iR
B, U 600, 800 #i1 1200 SRM4EATBE)EHE6, 1 5% (f
U E) MR VEWE )5 78 ZEISS-MCO2390
2o (OM) E#THLME, dhRE R H&RE R
4.

JEphsem e Hank’s WW P R#EFT, WWAKA:
8.0 g/LNaCl, 0.4 g/L KCI, 0.14 g/L CaCl2, 0.35 g/L
NaHCOg3, 1.0 g/L #i### (CeHeOg), 0.1 g/L
MgCly-6H20, 0.06 g/L MgSO4-7TH20O, 0.06 g/L
NagHPO4 il 0.06 g/L KHoPOy4. EiufIAT & 3L56 78
Fl T T, HREELmE (37£1) CT#T. HR
A 45 mmx26 mmx2 mm FIRFEE Hank’s W+
2 8 h JFEH, HE Mg vessl (200 g/L CrOs+
10 g/L AgNO3) 7B G TVEGE 15 min, SR)5 HZKE)E
T, FEREERGE A EDE 5 min JEPRE. XA R il
FE A R UR I

mo —my

U = (1)
K, vy HESESIRFEAEMER, mg/(cm?-d); mo N
REEBOETAY R, mg; ma SHEBRE M= )5 B EE R
&, mg; s NiABERBEFBMFEEFHRER, cm?; ¢ N
RBE A B ], d.
B HPKEREN R IR EE S R E R,
BT A #EE vy, .
ER AR pH (RS, ]3RS ik AR
At P81 RRBERONBAR T, RIHRAER TR, %
20 mL/cm? § BRI By Hank’s 0, K



%11

BRES : A Mg-Ca fil Mg-Li-Ca & &EMATF 1479

PR (37£1) CHEIE/KIEH, A PHS-25 Al pH 1
EVEW pH H.

REEAE Hank’s VWA AL BRI LR M273
HEMAE (37+1) CHMEEAKBFHFT, KA =8
Wtk R, TAEBEBCHIREE, 2 HEBRA R ER
(SCE), %Bh AR A Pt ARk, HALIIHE D E A B 6 ik B L
+300 mV, HEFEHEENR 0.5 mV/s, REELERW IR
5 min JEFF I AL B .

HH SEERAS R E AR | BT A AT 5 ok e I AT
G — BRI A B HEA T A 27

K JSM-6460LV Bl #4H5% (SEM) %14 Hank’s
EWOR IS Mg-1.33Li-0.6Ca il Mg-0.54Ca &4
HKEESHEATUE. K DX-2500 B X HLATEHHL
(XRD, CuK,) X643 0 H il =4y S A 0 AR 45
FIREFT AT, RGN 0.04° /s, FRMTEHE 25°—80°.
2 LIR4ER
2.1 ALALRVE

Mg-0.54Ca &4&F Mg-1.33Li-0.6Ca &4 /440
DAL ME 1 fn. TR, 2 HEESEEMAA K
B, SoRLdisy; Mg-0.54Ca &4 -4 dioh RS2
7 10 pm, Mg-1.33Li-0.6Ca &4/ T Sk R -2 0
8 pm; 2 PGS A RGN/ (3 pm Z647) B9
PR, ULIAFES ER R R A T AL, 5 Mg
0.54Ca #H.A:, Mg-1.33Li-0.6Ca &84 4 FHEEINE

(3)

2O

1 ¥JE Mg-0.54Ca 1 Mg-1.33Li-0.6Ca &4 & HAHR
Fig.1 Microstructures of the extruded Mg—0.54Ca (a) and
Mg-1.33Li-0.6Ca (b) alloys
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Mg-1.33Li-0.6Ca alloys immersed in Hank’s solution
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Fig.6 SEM imags of Mg—0.54Ca alloy after 8 h immersion
(a) and Mg—1.33Li—0.6Ca alloy after 36 h immersion

(b) in Hank’s solution

o * CaCo,
<& Mg(OH),
A LiH

A MgCO,
A 0 CaMgCO,
0 CaMgPO,

o n
Mg-1.33Li-0.6Ca
JJM w
1

) Mg-0 154Ca

>

Intensity, a.u.

1 1 1 1 1

25 30 35 40 45 50 55 60 65 70
20, deg

B 7 Mg-0.54Ca fl Mg-1.33Li-0.6Ca &41E Hank’s EW

R 8 h J5#) XRD i
Fig.7 XRD patterns of the Mg-0.54Ca and Mg-1.33Li—

0.6Ca alloys after 8 h immersion in Hank’s solution
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