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Effects of Nd Alloying on Corrosion Resistance of Biomedical Mg-Zn-Sn Alloys
Gao Yun'?, Zhao Ping', Wang Wei', Chen Kezheng'

(1.College of Material Science and Engineering, Qingdao University of Science and Technology;
2.Shandong Provincial University Laboratory for Protected Horticulture, College of Civil Engineering,
Weifang University of Science and Technology)

Abstract: Mg-27Zn-3Sn-x Nd(x =0, 0.5, 1, 2, %) alloys were prepared by metal mold casting. The microstructure
of as-cast Mg-27Zn-3Sn-2 Nd alloys was observed by optical electron microscopy(OM), scanning electron micros-
copy(SEM) and X-ray diffraction(XRD). The corrosion resistance of alloys was investigated by electrochemical
test and solution immersion test in Hank’s solution. The results reveal that Mg-2Zn-3Sn-x Nd alloys consists of a-
Mg matrix, MgSnNd phase, Mg, Sn phase and a small amount of MgZn phase. Compared with Mg-2Zn-3Sn alloy,
the grain size of Mg-2Zn-3Sn-xNd alloys are obviously refined. The corrosion resistance of Mg-2Zn-3Sn alloy is
improved by adding a small amount of Nd (0.5% , 1%). However, when the addition amount of Nd is 2%, the
corrosion resistance of the alloy is greatly reduced due to galvanic corrosion, and Mg-2Zn-3Sn-0.5Nd alloy posses-
ses optional corrosion performance, which reveal that appropriate Nd can improve the corrosion resistance of Mg-

27Zn-3Sn alloy.
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Nd ¥ 3] Mg-2Zn-3Sn & 4 b, i & 7 8 2 5
Mg-2Zn-3Sn- Nd(x =0, 0.5, 1.0, 2.0, A& 4%, %)
B4 TR Nd &5 i X Mg-2Zn-3Sn & 4 (O 241 2L F B
Tl R S e 223 R — i S vk e AN ) A g
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FOAE o Ay s FHAE AW 0 T B 2 U ARl 2 %

1 R I Ae 7

PLai 86 (> 99. 9%, & 40 % F [ 4l
(>>99.9%) .48 (>>99.9%) . Mg-30Nd H [a] & 4 h i
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Tab.1 Chemical composition of as-cast Mg-2Zn-3Sn-xNd alloys
%

wp
i CE Zn Sn Nd Mg
1 Mg-2Zn-3Sn 2.01 3.02 - AohE
2 Mg-2Zn-3Sn-0.5Nd 2.02 3.03 0.48 V32
3 Mg-2Zn-3Sn-1Nd 1.99 3.01 0.95 A
4 Mg-2Zn-3Sn-2Nd 2.01 3.03 1.92 A

MEEEE FAUEC 10 mm X 10 mm X 10 mm B AL
T 0 A LSS R AR 20 B0 4 % 04 i 1R T 4G 45 T
VE R i . FIR XTP-200 %14 A 55 1o 65 W 88 45 4 1Y)
AR R /N BB AR 43 A SR )5 R R 4 L B (SEM,
JSM-6700F) 43 H1 & 4 H 88 — AH (9 TE 510 1 43 A1 » [7) B )
I fEREIY (EDS, INCA Energy) 2387 H ot & 41 % . F1l
X-ray (XRD,D/MAX-2500/PC) 43 ¥ 4 4z I AH 4 3%,

e AL TAE 3 (CHIT60 E) #E 47 M AL 2438 56 L %
FHAG G619 = AR AR 3R 3 44 A0 0 T o0 v R B0 P AR R K B
TR S AR g 2 be AR il B AR AR AR . DA
Jih(374£0.5) CHY Hank’s %, A 2% B4 W3R 2, 1
WEAN 1 em®. BT 1 800 s {9 JF 1 HL {57 P 3K
(OPC) . 14 F A 28 I FF 4T F A 27 BEL BT ) 3 (O %
JLFEN 107~ 107" Hz) 5 4K Jg Mk 2h v 07 1 1k il 26, 13
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5 X 18] 5 COPC£500) mV, HHli#F R 0.5 mV/s, Ji§
M2 R, (mm » a AR B,
R; =22.85 X I .o (D
R Lo 9T PRI L - p A/ em”
% 2 Hank’s BB D AR
Tab.2 Constituent of Hank’s solution (g« L71)

NaCl CaCl; KClI Na;HPO, KH;PO, MgSO; NaHCO3; CsHi20Os

8.0 0.14  0.40 0.12 0.06 0.20 0.35 1.00

B 10 mm X 10 mm X 3 mm B AL SiC #b 45 4T
JEGEVE T T R AT E S RN . R AT
9 Hank” s ¥ W0 pH {4 7.4, A 09 2% i R 5
Hank’s I BRAA L Z M 1.25 cm® /mL, 24 h
—K Hank’s ¥ IF 0 s IR @ B s i pH (19 742
6. & 336 h 5. A 200 g/L WS R A1 10 g/L 1y
AgNO, TR 5 T WO 1 1o RF 28 T 1 8 1k = 4

PR IR M AE Hank”s I AT Br &L 5, B2 K
S I I 2 % A ORI ) 28 4K 45 N Hank” s 385 1R 2D
A AR P A R . TR A T ks

AM .,
St wPm
K, vw N R F R A W M H 3, mm/a; AM,,
BT g Su M BER SRR, cm® 5 1, 8 LB
] hspn WEEG SR EE . g/cm’,
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Fig.1 XRD patterns of Mg-2Zn-3Sn-xNd alloys
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Fig.2 Microstructure of Mg-2Zn-3Sn-x Nd alloys
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Fig.3 SEM images of Mg-2Zn-3Sn-x Nd alloys
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Fig.4 EDS dots of Mg-2Zn-3Sn-xNd alloys
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Tab.3 EDS results of the dots in Fig.4

s, x5/ %

(A Mg Zn Sn Nd AW
A 70.93 29.07 — — MgZn
B 79.02 — 11.03 9.96 MgSnNd
C 62.97 — 36.01 1.02  Mg>Sn+MgSnNd(/b> &)
D 86.62 - 13.38 — Mg, Sn
E 62.14 — 25.07 12.79 Mg, Sn+ MgSnNd
F 66.07 — 18.19 15.74 Mg, Sn+ MgSnNd
G 83.18 — 8.21 8.60 MgSnNd
H 8437  2.26 7.14 — Mg Sn+MgZn
I 82.78 — 8.54 8.68 MgSnNd

Nd & #3 Z  K R A R HOIR MeSnNd #13 £ . kL
AR Mg, Sn A1 /D . HE 1 Hry XRD 25 R —3(,
2.2 [EiiEaE S AT

K 5 5 Mg-2Zn-3Sn-*Nd(x =0, 0.5, 1, 2)& &
(R e A AL il 2% . BT Tafel &0 3E 3815 (1 v Ak 2
ZHRLFE 4. FTLAE 1, Mg-2Zn-3Sn-0. 5Nd 4 4 1 i
b L O B iz /N O (23,68 +1.08) pA/em?’. 5 Mg-
27Zn-3Sn A3 4 AH LG B Pl R R B BE R BE T 11,02 pA/
em®, PR K31.76% . 124 Nd (&4 2%,
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Fig.5 Potentiodynamic curves of Mg-2Zn-3Sn-x Nd

alloys in Hank’s solution
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Tab.4 Tafel fitting electrochemical parameters of polarization
curves of Mg-2Zn-3Sn-xNd alloys
B Ecn/V Jeor/(pA s ecm™2)  Ri/(mm-a 1)
1% —1.492 8+0.01 34,704+1.13 0.7940.03
25 —1.425 240.01 23.68+1.08 0.54+0.03
35 —1.4658+0.01 31.2541.03 0.71+0.02
45 —1.5246+0.01 104.7242.04 2.39+0.05

K 6 i Mg-2Zn-3Sn-x Nd 4 4: 78 Hank’s 5K+
M 2C T BL AT % . Ml 6a 0T LUF . Mg-2Zn-3Sn-x Nd
(x=0,0.5,1) G 41 Nyquist &5 w850 28 51 I
WA IR I » T Mg-2Zn-3Sn-2Nd & 45 U e 5 430 45 470
SIAN A A3 % Bt I 21 1 . 181 6 b A IET 6 ¢ 2 AH I #Y Bode
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B 6 Mg-2Zn-3Sn-xNd(x=0, 0.5, 1, 2)&4 % Hank’s & (37 O)F ey o FMmHE A
Fig.6 Electrochemical Impedance Spectroscopy spectra of the Mg-2Zn-3Sn-#Nd (x=0, 0.5, 1, 2) alloys in Hank’s solution (37 C)
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P, [ 6a (9 Nyquist BT U 6d FIE 6e (955 20H
HEHEATARRE . ROWI AL B R o Hl CPE, 34t = I L 4
o o3 R AT R AL LB AT AL 2 . R R CPE, i %
PR AR I ) s T R BRI A . RO L AR

HURATL IR, 2390 27 F B L B AR BT . R IEL S & &
PR B A M 5 D AR O, T TR0 & B i B B PR RE L R
TR o B 40 1 JE o 5 AT T ol P R AT

N ZSimpWin 3.20 #4045 Bodls , Wk 5,854
M R BIHEY : Mg-2Zn-3Sn-2.0Nd<Mg-2Zn-3Sn<Mg-
27Zn-3Sn-1Nd << Mg-2Zn-3Sn-0. 5Nd, X} F Mg-2Zn-
3Sn-xNd(x=0, 0.5, 1.0)3 Fi & 4 . R HEF Jy . Mg-
27Zn-3Sn < Mg-27Zn-3Sn-1Nd < Mg-2Zn-3Sn-0. 5Nd,
— A UEW] T Mg-2Zn-3Sn-0.5Nd & < B i} J& it 1 5 #%
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Tab.5 Electrochemical impedance spectroscope fitting parameter values of Mg-2Zn-3Sn-xNd alloys

PO R,/ CPE,/ n R/ CPE;/ - R/ R./ L/

’ (Q-cm?) (Q!estecm ?) (Q* cm?) (Q 7 1es"ecm ?) (Q* cm?) (Qecm?) (Hecm ?)
1% 28.65 1.328 X107 0.910 3 1033 1.019X 103 0.626 1 752 — —
25 23.58 1.666 X107 0.904 7 1 859 1.048 X103 0.800 1931 — —
35 29.58 1.722X10°° 0.915 4 1416 1.062X 103 0.669 8 1708 — —
4= 57.29 4,449X10°° 0.741 4 722 — — — 555 5572
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S E TG BRI O H W RS 4 2 T M TR A R
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Fig.7 Curves of pH and hydrogen evolution of Mg-2Zn-3Sn-

2 Nd alloys immersed in Hank’s solution
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Fig.8 Corrosion rates of Mg-2Zn-3Sn-x Nd alloys
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Fig.10 SEM images of Mg-2Zn-3Sn-x Nd alloys after immersion in Hank’s solution for 336 h with removal
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Ay Mg(OH), Fl HA W AR X855 . LW X I Ah & 4
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Fig.9 XRD patterns of Mg-2Zn-3Sn-xNd alloys after

immersion in Hank’s solution for 336 h
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