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ABSTRACT: The work aims to study the effect of St/Sn on the mechanical and bio-corrosion properties of rapidly solidified

MgZnCaMn alloys. The effects of St/Sn on the structure, microstructure, thermal properties, room temperature strength, plastic

deformation and in vitro degradation of MgZnCaMn alloys were investigated by X-ray diffraction, scanning electron micros-
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copy, differential thermal analysis, universal capacity test machine, static immersion and electrochemical testing, respectively.
After the addition of Sr element, the amount of amorphous phase in MgZnCaMn alloy increased, and the amount of hydrogen
evolution in Mgg, 7Zn30CasMng gSrg s alloy decreased significantly. The self-corrosion current density was 1.61 x10™* A/em?, the
average corrosion rate was 0.35 mm/a, the compressive strength was 621 MPa and the plastic compressive strain was 0.8%. Af-
ter the addition of Sn element, the amorphous phase in the MgZnCaMn alloy disappeared almost completely. The snow-like
Mg,Sn phase and MnZn;; phase were the main phases in the alloy. The hydrogen evolution of the alloy had no significant
change. The self-corrosion current density were at magnitude of 107, the compressive strength was 412 MPa, and the compres-
sive plastic strain was 1.6%. The addition of Sr can improve the amorphous forming ability of MgZnCaMn alloy, increase the
volume fraction of amorphous phase, and improve the strength and corrosion performance of the alloy. The addition of Sn ele-
ment reduces the amorphous forming ability of MgZnCaMn alloy. The alloy is mainly composed of ductile phase, and its room
temperature plasticity is obviously improved. Compared with the initial alloy, the corrosion resistance reduces slightly, but it is
still superior to conventional biomedical magnesium. Alloys (such as high-purity magnesium Mg, Mg-Zn-Ca, etc.) have good
corrosion resistance.

KEY WORDS: magnesium alloy; micro-alloying; mechanical property; corrosion resistance; rapid solidification; glass forming
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Mg-4% Mn. 99.99% Sn., Mg-10% Sr i i) & 4x i 5
T AT IS T, BHEIRA &4 U8, ERA
PR AT R PR AR MR TR A BEAR 5 G2 58 L AR5 B BRI
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Tab.1 No. of alloy bar and nominal compositions

No. Nominal composition Diameter/mm
MgZnCaMn Mggs 2Zn30CasMng g 2
Sr0.5 Mggs.7Zn30CasMng gStp 5 2
Sn0.5 Mges.7Zn39CasMng gSng s 2

1.2 HAGHRA R ERENIK

1) BTG sk, X S8 AimirX
( XRD, Rigaku, D/MAX-2500PC ) #EA7iMis, #ifi
IRTE AR L . X SR RS 2.
AR 200~90°, AN 2 (°)/min, A H
Cu ¥,
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2) B AR R A A TE KB AL Bk R
20007, FFAHEHLEE (SEM, Vega III LMH) %<
HAEMALUES, IR AW RERE (EDS) X &
&5 AT LAY 0 HT

3) WARFESAT G449 10 mg, it 2 RER&E
#E: (DSC METTLER TOLEDO ) 34 45 i 7k i
&, WA ENERE S, i ReEkRe . Tt
AR 10 C/min, FHEX AR 30~700 C,

4) HREAAL 2 1 BEGE N 4 mm WO,
FH A il g B A 4 0 1T i e K B 4L Ll
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AR 5 AR, BUEME,

5) AR PR SR IR [, — I AR 4%
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Ak 2Ry H Ak 2 TAE RS (CS350,H [ ) ZERLIIA
#( PBS:NaCl 137 mmol/L, KCl1 2.7 mmol/L, Na,HPO,
10 mmol/L, KH,PO,4 2 mmol/L ) FiF7, R =K
R ETH AR B A, WA H R R o S L,
DR S A TAEH A . N T AR UESE S8 i B E , X4
Pl G AT 3 AT R I 78 3l v 7 i Ak R 56
2T, B41E PBS HiE T 1800 s, LIARIRRAE B
AL (OCP) , B ARG R £150 mV (vs.
OCP), H##EF N 1 mV/s!O FEAZRIE F N 100 kHz~
100 mHz. FEXMINAE SN 10 mV rms BT B HL 07 4%
PR, FE R — Ak i P R AT T R Ak A BB
(EIS) i+, ffiff] ZVIEW #4484 EIS 45

6) FASRMIAE Y, K ESEWFE L 20 mm 1Y
KB, KI5 ] 320°—1400"f SiC RPAEXTHE S A THT
FEIE , R 543 S PIR | £ B2 8 ok A v vk o
AT AR KT, RERSHERAEMZEN 1 em®:
150 mL'"", A47E 310 K [WHBIAR PBS "R
124 h, AFpa—BAf eSS mZIE, FErE .
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K1 MgZnCaMn, Sr0.5 Fl Sn0.5 & 4: ) XRD fif §i i
Fig.1 XRD patterns of the MgZnCaMn,
Sr0.5 and Sn0.5 alloys

MgZnCaMn, Sr0.5. Sn0.5 & 4+ & 7E Tl %
410 °C/min i}y DSC HHZEan &l 2 iR AlLIE 1,
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DI R LA 4 AR SR IE BARE 7114, A, BiFgE &L,
Sr0.5 & 4 Ak 22 LA B 4z i A a5, R Sr0.5 &
SR (T-Ty) A =FE i, e
AR I RN R A A AR ST e T E L AR e
LB, 1€ Mg-Zn-Ca 5 & B4 St 5, 54
A A B REARXT TR TS IMA /N T, W Sr JLEAN
FIFA s SR IS KK, AR TIERAE
A4, RIS Sr iR R A A 4 n Ik RIE &
fit 1 . MgZnCaMn 1 Sr0.5 45 4 7 = 1 [X( 600~750 K )
ERAFAET AR, HARIN Sr &, B/ g s 81
BN, 254 XRD 455, R THIN St J5, Kt
fGIREE AR B g BT, m Sn T&RJE, A
S TEARIR DX (R R T LT IE 2%, A& &gl 81 3 AR
AEAEAE A, 3% 55617 XRD 20T 4518 2 — 20 .
A, IEIRIEZE R, W Sn J5, MG 4R
SHRE N , SEESNAERIY REE ) B L.
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MgZnCaMn
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Temperature/K

K2 MgZnCaMn F Sr0.5, Sn0.5 434 (% DSC &3
Fig.2 DSC curves of the MgZnCaMn, Sr0.5 and Sn0.5 alloys
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Tab.2 Thermodynamic parameters of
MgZnCaMn, Sr0.5 and Sn0.5 alloys

Sample composition T /K AH,/(J.g7)) T. /K T/K

MgZnCaMn 532 14.37 611 679
Sr0.5 520 57.4 613 673
Sn0.5 617 690

MgZnCaMn, Sr0.5, Sn0.5 &4 #(% SEM ¥
SHT &R EDS BIEMIE 3 frs. ATLUAEH,
MgZnCaMn 1545 FH KGR | T ARRFIRL S AR AL
W Sr 5, AAeWHSUT RS Mg DL TR
THR, TR E A5 AR A TE K AR A F o 7R

a MgZnCaMn

"

°

6 8 10 12 14 16 18 20
E/keV
¢ Sn0.5

K3 MgZnCaMn, Sr0.5, Sn0.5 &4:f SEM g =,5(A. B. Ok
Fig.3 SEM images of MgZnCaMn, Sr0.5 and Sn0.5 alloys and the compositions of three points (A, B, C)
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AR M/ B % & A Sn JTEE 454 XRD 45
AT, XIS A F B Mg,Sn AHZL AL,
55 0,1 55 AN %02 MnZngs A, T YRR SR
REE T B, BEA AT S AR R RS R
Y/, SR EARKHEN 1 pum 24

2.2 @SN Sr# Sn XE & NFIERERI SN

AR ERAS LGN - AR L 4 iR, ]
DIE W, W Sr 5, &4Rs i o1, bk
JEiRF] 621 MPa, fA7EW] W A¥BMEASTE ; WA Sn
J5i s 4 BB AT T AT, (ELS Ik B0 45 3] B 8 e 3
B TEW AT R IB RN 2 . = Fh &40 f12#
PERE S KL Mg-Zn-Ca A& &M HE, SRR
IS EI B B4R TE, S4B mA s, 454 XRD,
DSC 1 SEM Al %1, #infsis Sron %, Ems a8k R
) GFA, {fifSA &AgUh iy mAssin, It HIRE
& TP R ACIRARTE 2 B8 A 2 /N St AL T Mg, Ca
HHE B TREGRIL, NI T A4 N5RE, Mk, &
JNiCE: Sn, MR T &4 GFA, JESHHIE T-58 4001 2,
A5 A LT K 4/ N IR FhAS A, DT RE
(B PEAS B M, (HER ARG, &4 0 R4 5056
BRI 3,
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621 MPa
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[REEN
fu-) (=]
s 3

Sr0.5
Sn0.5
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Strain/%

K4 MgZnCaMn. Sr0.5. Sn0.5 & 4B J7-0; 7 f 28
Fig.4 Stress-strain curves of the MgZnCaMn,
Sr0.5 and Sn0.5 alloys

#* 3 MgZnCaMn, Sr0.5. Sn0.5 E&REHEERER
Tab.3 Results of compressive properties of
MgZnCaMn, Sr0.5 and Sn0.5 alloys

Alloy o/MPa el%
MgZnCaMn 501+4 0.9
Sr0.5 62146 0.8
Sn0.5 41246 1.6

2.3 @0 Sr# Sn X & & FE i BE R T
Harsh A A& mE 5 Fros, wlEsn

Sr J&, MgZnCaMn &40 HEMAELA L4 TERE, H
W St A &M AL IR TE-1.16 ~ -1.15 V 2
[B) S BLEH B B AR . ORI ARG, B
JE =Y S A AR, R TS &R R 5 W
(R4l FRAK T A 4 PR P Ml 2, BELRS T 6 ok iy
AT FE-1.15 ~-1.1 V It feid 2, Sr0.5 &4
{187 B AR folt H 37 %5 %5 MigZnCaMin 5 4 2 AL W] Ik
XSEH T MgZnCaMn & & 7E %M B & A T AR
TR AR , Tk 7 0 ) s R 5 A R A 2
FEYIES A R E A IR, B ihakst, 1 Sr0.5
B ETEZIY B0 S T R A2, B B E 1
TP, BEAS T A AT o BN b i 2y
AT, TEFAMAR AL RE v, A 4 A BRI AR S 1ok H 3
WAL N, FEBA AL X E], Sr0.5 A4 BIMT A
HR(LT MgZnCaMn & 4o IXZHE RN St &4 i)
5 ARG, A Dl R A SR, T LAKT
KRG/ . BN Sn S5, A4 PHAR S bl H % R
T MgZnCaMn £ 4 . X J& T Sn &4 H 058 — A1
oL, R R A S I, e T A 4 B B
Wi, FrLhAa B S B g . mT Sn LR A
BREEMPr S B, RS, SR
FEFT Sn (AT s AT, 2 BN S0 A5 31— i A il
Jiang ZEUTIYE Mg-Zn-Sn A 40T S 2] T A ]
25, HAa4 AEMBN KA T R, %A Sk
fEHZE Il MgZnCaMn & &2, 341 BB i H iR
WRERONTEIT, e 107 g, AT L Sn0.5 &4
JiE b R 5 MgZnCaMn & 44124 .

-1.0

Potential (vs. SCE)/V

1g[J/(A - cm™)]

Kl 5 MgZnCaMn. Sr0.5. Sn0.5 &4t ibih
Fig.5 Polarization curves of MgZnCaMn,
Sr0.5 and Sn0.5 alloys
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NFE 4 ATLAE L, Sr0.5 44 iy [ i e 25 1 B
BALTF MgZnCaMn &4, Tt imik15 2 @ E 4171,
1M Sn0.5 A4 iy 8 ok i 97 59 BE A7 T 188 K, i g ot
A —E R A, FImHE A T e Al e
RS Mg-Zn-Ca 45410,

£ 4 MgzZnCaMn. Sr0.5, Sn0.5 &&H
WAL th £k I & S EFN TS Tl =R

Tab.4 Polarization parameters and corrosion rates
of MgZnCaMn, Sr0.5 and Sn0.5 alloys

Sample  R/(Q-cm®)  Eeor/V  Joon/(A-cm™) d/(mm-a’)
MgZnCaMn 298 -1.22 8.04E-4 1.75

S10.5 1586 -1.17 1.61E-4 0.35

Sn0.5 257 ~1.24 9.35E-4 2.04

6 A4 mBHPTELE, f Il 6a 7] I, MgZnCaMn
1 Sr0.5 £ 4 W BH AT IR 1% 29 A2 78 e L ol iy 25 Bl
F— MR BTN . — kUt B A PUGE & 5
Py 2 A% L RELAEL DG, T rP St 25 e ol ) 55 5 ik ™= g L
G AT P42 i el BHLA G0, AR ) IR OIE R T AR
B M HIFFAER BhASHALITZR 5 52 i BRI A
KA AR RAFry—3hE, 1 Sn0.5 & &A= T
MY BUIRIRAT T AT BEAFTE A — BTN o b v i
AL R, UG &MY, s
Prols R, WA A B r= P AR 3 i RE T 4, &
G T o b b A 20 A A IR R A b i A 58
SO HAT AL B R,, W UL =G A (AT T e
A Sr0.5>MgZnCaMn>Sn0.5,

450
400 | ——— MgZnCaMn i T
r0. o
3501 Sn0.5 §¢ J/ %
300 - g 2f - §
~ 250+ N o ﬁ
§ 2001 :213 2 26 30 34\}%;;442/46
d 150 | v‘v‘,vs—v—v—v\vwvv Z/Q - cm?)
S100F
T e
0r . XL;Y\
—50 V¥ Experimental results” v
—100  V Fitting results \VVQLV,«'{

_1 1 1

500 100 200 300 400 500 600
Z'N(Q - cm?)

Kl 6 MgZnCaMn, Sr0.5. Sn0.5 &4

TE PBS H'/ Nyquist &l
Fig.6 Nyquist plots of MgZnCaMn, Sr0.5 and Sn0.5 alloys

I ZVIEW B A SR B An 1] 7a, b BT
Ro AR R RS b H RN TAE BB 22 18] 7
WRHLBH ;s Re BRI D= I FL B ; CPEL
HANDL T, RRZEF =R B ROV
TG RS L B, LR /INS 4 T 3 1 RN 5 T Ak 1) J2 g
K, RAGHIK I A O FEREBELAT A, i i
FXE L A A 5 CPE2 Ay T XUH 2 HL 28 9 AR A T

fF; LM HUETT R, AR AR Y B BT IS 9 R AE & 4 )
LR Y 2 TET 5 4, X aCRE 1) 22 i BT i B 617 T 40
A, PIEMARILE S, WK 7a. b T4, G4
Sr0.5 A4 PIE MR KA, 1S Sn0.5 &4
fEE2e 5%, FRWIHIE DAL AR TR] . o A0 AT 5 A
AEFRI A B LA R RS HLRE R, U] 6a FlIEE 5 HA]
%, RAEBHK/NHEFIIGF H . Sr0.5 (113.6 Q-cm®) >
MgZnCaMn (49.54 Q-cm?) >Sn0.5 (30.15 Q-cm? ),

RAGMRK, R WTHLAT (R RO B AT RS, J b iok 752 B Hf
LKA . 454 SEM AT LIHEWT, WA iy Srfii i s
LB AN RS, AR ET, 5
A HL R T A S B H D, IR AR R, RS
ST RAESE M, BINER Sn #5445
TORHABCE RGN, AHR L, AR ) & A A S ECH
O, RS At 1 TR A RS . A 4R ik
FEYIEBABT ReAE K/ NI ¢ Sr0.5 (234.3 Q-cm® ) >
MgZnCaMn ( 101.29 Q-cm”) >Sn0.5 ( 92.48 Q-cm?),
W] Sr WS AT DABE i R B R e M, B R
LHRIRE T, RS A A m i PEGE, W Sn TR N
W5 2 M . Nyquist Kl fb 2 45 51— sk i,

Sr0.5 A 4 HA Fe b i i

R, R; R
CPE1 CPE2
— —
L

a MgZnCaMn#1Sr0.5
CPE1

b Sn0.5

K7 SRR
Fig.7 Equivalent circuit: a) MgZnCaMn and
Sr0.5 alloy; b) Sn0.5 alloy

%= 5 MgZnCaMn. Sr0.5. Sn0.5 &%
EHRBBARNESH
Tab.5 Fitting thermodynamic parameters of equivalent
circuit in MgZnCaMn, Sr0.5 and Sn0.5 alloy

Sample MgZnCaMn Sr0.5 Sn0.5
RJ/(Q-cm™?) 13.87 20.66 11.53
Ri/(Q-cm?) 101.29 234.3 92.48

CPEI-T/(F-cm™?)  3.882x107° 3.717x107° 2.74x107°

CPE1-P/(F-cm™) 0.935 0.899 0.9166
RJ/(Q-cm?) 49.54 113.6 30.15

CPE2-T/(F-cm™)  2.142x107° 0.0061  5.10x107°

CPE2-P/(F-cm™) 0.588 0.79 0.4683
Li/(H-cm™) 24.47 925.7
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BEA SRR PBS MM, s
VW pH M L FHREA RN, ROR R AT S %
TEA 4 B S bERE . K1 8 & MgZnCaMn, Sr0.5.,
Sn0.5 &4 H7E PBS I R 124 h BT A G bl G
W AR 2R, BE A SAEBUAW PBS &L
S A M+2H,0—M(OH),+H, T (M=Sr.Mg.Ca, Sn),
TR, SPulr=A AR, RS 40K
A — 2B ) (M(OH), ), 33X 86 Ji ot 7 ) il i B
NETFK, MBS RE, BLHE At — 0617
il 20 h LS, G4 B MR BT, 20 124
h 1) Sr0.5 A4 TS F /N, 0.7 mL/(em™-d),
P R B AT 5> Mg-Ca RE 41, Sr0.5 &
A W JES il B i Sn0.5 Al MgZnCaMn FHT & =
VT, MR, BRI Sr R A M TIRE A4
Mttt 5 AR g R AR R — B, BRI,
SNERRAT AR, YETATEF I =R EE A4, HAEWY
JE R BE R A, Ak, AR B RHE AR R
PLRT T RE . HAR N R A TR S AR A a8, A
— 5% .

14
12
o
S10t
8 .
N "/-
E —
) 8r .// /
=) 6 —/
& r /
=]
g4l = —
2 : —
2 e #— MgZnCaMn
2r ././° —e— Sr0.5
o —A—8n0.5
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