%48 % o552 10
2019 4 2 A

BAEEEMBSIE
RARE METAL MATERIALS AND ENGINEERING

Vol.48, No.2
February 2019

E CaO X Mg-2Zn-0.58r ER#EES £ BRI,
N FE e R HUE T BERY 521

X, K

AERRHER S, dEaT 100083)

W E: L Mg-2Zn-0.5Sr & & EA, RAB BB S S 0E CaO BURL (0.1%. 0.3%, Fiip%, TR MEEH
Blo BAMLHAEBES, W BAZ, WA ETERE, WM R Kokubo BLRMAR S il B o 45 R KIL, CaO i
REAUB B 4R T B R (R4 A SRR ), A Mg-2Zn-0.5St A 4R gtk , SRR, (R Bk SRR
CaO ORI N Mg-2Zn-0.5Sr £ & J& Tl LA IE S o 12 30 S 30 R B, Mg-2Zn-0.5Sr [ U % 8 11.74 mm/a, 0.1% CaO
A8 JE% ot R AR L 18.2%, 17 0.3% CaO 1 & st R I 55 24 52.0%. &R W], Mg-2Zn-0.5Sr/0.1Ca0 7 ) L1 45 1o 1 s Jir

AN PR i )65 Tt E o

KEEW: B4 4 CaO; EBMAY Ji2Ebthae; EWEAT A
MEHS: 1002-185X(2019)02-0463-10

PEESES: TG146.22 XHERFRIRAD: A

AR, BRI EGEm TR A TRAE. %)E
6 (1.74 g/em® ) 5 AHIT 0 1 24 M 8 S AR S 1 7= A
PNVEAE hy AT B AR MR RL 32 2] T2 1 eyl
Hurl G SR N EETESEAE RS
PSS R R, S BORE N R R RE AR AR AL S
RO PR BRI AR R I AR 1 T, ST
A 3 73 R 2 A AT B 2 TR 0 23 A o 4 20 R M BEREAT A
T, ATIRAG R AT (K 0 2% o T I il R 2B 4 2 vk e

Gu 2 NPERH R A s &7 k41 T HA/Mg B8
el RILBEA HA I3 In, e IR . Jrbras i &
TEAH AT IR R B, (H ol R R I Kk A
Witte 25 NPHZ FI#M K16 & 10571561 % T HA/AZ91D
(20%) HIREME, KILHA/AZIID B EMEEAH
BT VR 65 ol ik RE R R G A M AH A . RS TR
BRI —h 5 S Tl 28 28 G5 95 903 T 2 4 T e B T R
BB DA e g0 Lin 2 NSRRI 9
PRSI T EERIAE T8 2%HA Al 2%B-TCP HIE &8
Bl R IUERT R BRI . A AL
K ARG S R BR 45 (1 77 V56146 T MgO/Mg (5%,
10%, 20%) EAME, KL MgO 7B IR T 13475 |
TS5 A AT LB AR R 6 i

S MR AR ZIEE By 1 o 5 A i 7 1k R R 41
ZUR N . BE (Zn) FIEE (Sr) B0 A\ kb 3 5 1 i

fs HEA: 2018-02-02

JGE, DALk bR, B A A R il v e R g 2
PERENSY, Zn 0P ARV 22 2B 2 T fig SRR L 300 Fiil
A EEAEAY, Seoal (e dk g gl B K, P
qu&[lé—l‘)]o

ARSI P Mg-2Zn-0.5Sr £ 45 N FeAR A RE, SR
PRI 7 1 S o CaO ik (0.1%- 0.3%) K
BERE AR, Gl B SR = IR
MRAMZ LSS - AL 22 MR 55 7 0 5L CaO BURLAE
B AR IR S SO Mg-2Zn-0.5Sr £ 4 41 21,
S e B P BE TR o ASHIE 5 T ok KR 4
P MPRL B0 AR B 5245 A B 8 K s I R [ 2R 0] 1 g
AT 5 o

o

1 %X I

1.1 EEakRAERNE

PLAL S Ol 99.94% 8K 5E + 99.99%FE4E - Mg-Sr(20%)
Hh ] 4 ORERE <38 um 21l 96% AL ES (Ca0)
N JEORE o K 1 v S JSURHIRON B BT 3, i R B
BN Ar SAERE AP, 7E 700~800 C AR 10~20
min, fFEEMRTIREIG, 78 750 ‘C LU 10~20 min,
Ird s R, AR A . R ORY R T R R
HAAN 100 mm A 45 SEEA RS0 sk # T
200 360 CHRE 18 h JG/KYA, Wik 1 Fror.

EEWB: EZEESEMUIARME (2016YFB0700303); | REAHH W4 AT H (2015B090901044)
TEBE N 22, 5, 1991 448, i, dERH R A kbR 5 TR, db 100083, HLif: 010-82376939, E-mail: lijianxing804089@

126.com



. 464 o Mty < JE A eL S TR

48 %

R HABEREENSHNER

Table 1 Actual chemical composition of pure Mg and
alloys (w/%)

Materials Mg Zn Sr Al CaO
Pure Mg Bal. - - 0.056
Mg-2Zn-0.5Sr Bal. 2.03 0.54 0.074

Mg-2Zn-0.5S1/0.1CaO  Bal. 190 0.53 0.060 0.014
Mg-2Zn-0.5S81/0.3CaO  Bal. 2.12  0.58 0.060 0.238
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Fig.1 Optical microscopic images of the samples of pure Mg (a), Mg-2Zn-0.5Sr (b), Mg-2Zn-0.5S1r/0.1CaO (c),

and Mg-2Zn-0.5S1/0.3CaO (d)
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Fig.2 X-ray diffraction patterns of Mg-2Zn-0.5Sr, Mg-2Zn-0.5Sr/
0.1Ca0 and Mg-2Zn-0.5Sr/0.3CaO alloys
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K3 Mg-2Zn-0.5Sr [¥) EPMA T4 B 5 - 5 S NG % Mg Sty Zn. Ca. O G # /A
Fig.3 EPMA micrographs of Mg-2Zn-0.5Sr (a) and its corresponding Mg (b), Sr (¢), Zn (d), Ca (e) and O (f) elemental maps

Kl 4 Mg-2Zn-0.5Sr/0.3CaO [¥) EPMA [ 4 B3 ER KX J6 % Mgy Sty Zn, Ca. O [JCHE 401 &
Fig.4 EPMA micrographs of Mg-2Zn-0.5Sr/0.3CaO (a) and its corresponding Mg (b), Sr (c), Zn(d), Ca (e) and O (f) elemental maps

144 h () pH 22 B2 & 7 B . £EIRINHIEA 24 h N SEALE 10.13 . 1f] Mg-2Zn-0.5S1/0.1Ca0 ¥ pH 18K 3 i
pH P T4 8.5~8.9 2 1], #RJ5 LI %, It B KT Mg-2Zn-0.5Sr, 144 h J5 pH &Ik FF e
BT PR AR, diBME pH LTHEE  9.98, Mg-2Zn-0.5Sr/0.3Ca0 ¥ pH 73R IEYIIT 48 h
BN, H—HRIEFITFHR, 144 h J5ik5]9.72, 1H L WO SR, (2 K E S T Mg-2Zn-
FHE# . Mg-2Zn-0.5Sr % pH LA Z, 144 h)5EHR 0.5Sr, F Z9E 144 h J5 s pH K i £, 1531 10.22,
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CaO enrichment between
the second phase and the matrix

Nucleation of 2-Mg grain Solute and CaO enrichment

« Solute e CaOQ @@ Second phase O a-Mg grain

5 U CaO BUKL) 55 AT CaO & 4R7n
Fig.5 Schematic diagram of the formation of the second phases

and the CaO particle enrichment
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Fig.6 Tensile stress-strain curves of the experimental materials

at room temperature

AR pH BGACHER W] DU R 1 B 4 AR A
A R AR S ol S N SR AT R ),

Mg — Mg*" +2¢’

2H,0+2¢ — H? +20H" Cathodic reaction ~ (5)

Mg +20H" — Mg(OH), (6)

B 4 JE o R b A ) OHSE ¥ W pHL i T,
BRI, pH MR . Ak, Mg(OH), 2E s 2
BEA AEAD R R T, R ) s g A R S R e T T
B, BEM e Bemt— D R . B Ty
R lUZ B8 BUA BB AT, W pH JEA LR
FrfasE .
232 wALFHERSAT

KHTE 37 ‘C Kokubo FERLAE 2l Hi {7 Al Ak, 1 2
KV TR R AT A, AR 8 o 4E Mg
Jo 3 PG SRR R T R . (L)~ BT
(Eeore)~ T WAL (Epg)s BHAK Tafel 1% (B0 BHK
Tafel F1F (B0 KN HEHEAR (P W15 2 Pros.

JE Tk LIRS Lo (nA-em™) L5 JEHHEE R Py )6
F LU N AR R,

Anodic reaction 4

10.5
10.0t
9.5
=
290
>
—= 85
o
3.0k —w—Mg-2Zn-0.5Sr
. —®—Mg-2Zn-0.5Sr/0.1CaO
75 ——Mg-2Zn-0.581/0.3CaO
: —&—Pure Mg

0 24 48 72 96 120 144

Immersion Time/h

7 SEHAFEHE 37 “C Kokubo MR RFELIZ I 144 h
VW pH {HAZ AL 2
Fig.7 pH value of the SBF during the 144 h immersion for

experimental materials at (37+1) C
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Fig.8 Potentiodynamic polarization curves of the experimental

materials in the SBF at 37 C
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Table 2 Electrochemical parameters of the samples in SBF obtained from the polarization test

. Ecorr/ Icorr/ Ebd/ Pl/ ﬁc/ ﬂa/ RP/
Material 2 - -1 -1 2
mV (SCE) pA-cm mV mm-a mV-decade mV-decade kQ-cm
Pure Mg -1719 288.43 —1549 6.59 -369.47 431.33 0.301
Mg-2Zn-0.5Sr -1724 479.76 —1549 10.96 —433.84 280.13 0.154
Mg-27Zn-0.5Sr/0.1Ca0O -1699 368.64 —-1551 8.42 -360.14 289.16 0.192
Mg-27Zn-0.5Sr/0.3Ca0O —1703 698.65 —1548 15.96 —477.89 260.37 0.103
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Fig.9 Corrosion rates of experimental materials calculated by

the mass loss and the Tafel curve
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Fig.10 SEM morphologies and EDS spectra of the surface of experimental materials after 10 d of immersion in the SBF at (37+1) C:
(a) pure Mg, (b) Mg-2Zn-0.5Sr, (c¢) Mg-2Zn-0.5Sr/0.1Ca0, and (d) Mg-2Zn-0.5Sr/0.3CaO
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Fig.12 Three-dimensional corrosion morphologies of the samples after corrosion product removal for pure Mg (a), Mg-2Zn-0.5Sr (b),

Mg-27Zn-0.5Sr/0.1CaO (c), and Mg-2Zn-0.5S1/0.3CaO (d)
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Fig.13 Schematic corrosion process of the experimental materials (biodegradable magnesium alloys) immersed in SBF
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Effect of Trace CaO on Microstructure, Mechanical Properties and
Corrosion Resistance of Mg-2Zn-0.5Sr Biocompatible Alloy

Li Jianxing, Zhang Yuan, Li Jingyuan
(University of Science and Technology Beijing, Beijing 100083, China)

Abstract: We selected Mg-2Zn-0.5Sr as matrix materials and CaO particles as composite inclusions to produce Mg-2Zn-0.5Sr/CaO biocomposites
containing trace CaO particles (0 wt%, 0.1 wt% and 0.3 wt%) through stirring and smelting. The microstructure, mechanical properties, and
bio-corrosion behavior of experimental materials were investigated after homogenizing treatments. It is found that the CaO particles are mainly
enriched at grain boundaries and between the second phases and the a-Mg matrix. It leads to grain refinement and strength improvement, but has
different effects on the plasticity of materials. The corrosion potential (Ecor) of Mg-2Zn-0.5Sr/CaO composites significantly shifts in a more
positive direction when CaO particles are added to Mg-2Zn-0.5Sr. Immersion tests show that the average corrosion rate of Mg-2Zn-0.5Sr is 11.74
mm/a. When adding 0.1 wt% CaO, the corrosion rate decreases by about 18.2%, and when adding 0.3 wt% CaO, the corrosion rate increases by
about 52.0%. Our analysis shows that the Mg-2Zn-0.5Sr/0.1CaO has good strength and corrosion resistance.
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