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AMEEEIRIE . % T % fL Mg-Zn & &1 9 ke, A&
LR SPS 77k, #l AN FE Zn ERBUE Mg-
Zn 54, FEHRFHE& Mg-Zn SE&mHEY, J1%
PERE DL K AERELAA T (Simulated body fluid, SBF) f]
J§ ik P BE .

1 £ W

AR GN2 B & ReEk BN Mg # (AN
99.8%, Hif2 Ny 75~150 pm) Al Zn #y (4l 99.9%,
Fif2<20 um) % Zn FIFIE D5 0%, 2%, 4%, 6%Fl
8% 7 HITER AR NERE IR &5 . BREE T4 h 400
r/min, BFECN 6 ho #4445 R A SPS-331Lx &Y
SR Fhedb i R R, RET 25808 K4
W 480 C, KN 40 MPa, FHii i XK
25~80 ‘C/min, i 5 min JGEEYAE, B4 e kG2
F| @20 mm>6 mm iR FE .

YAFEATEE Jo, R BT EOR LA %, &
' J ot e W 8 4 4L 21 . SR B Rigaku D/Max 2550 V
B X IR A 5 A 7 e 45 I PR A AR R e 485 5 B 1K )
FH, SR Mari3 TES BY 44 il 7 S iUse 1o L 3 s (1 fe
T 2 T AU 55 458 245 T 100k A T S RN Joe 45 i R AR IR T 35
R ITCE AT - K F HVS1000 2 FGAE B A & e 45 He
() RERE , N4k /1M 0.98 N, R4S 1A] 15's, K
DNS100 B o7 /5 BRI HLIEAT R4 58, 30RE ST
A @6 mm>6 mm, JiEGE A 0.5 mm/min.

R FH H A 273 50 R VAL 50 ) e 25 SR AR 7E SBF He
) J65 Tk AT R iR AT 9 o o SBF WAk 7 L35 : 0.6800
g/L NaCl, 0.200 g/L CaCl, 0.400 g/L KCI, 0.100 g/L
MgSO,, 2.200 g/L NaHCOj, 0.126 g/L Na,HPO, #lI
0.026 g/L NaH,PO,. il 5% Hi ¥ SBF ¥ 1) pH 1 2 7.4,
IR IR B (374H) C. RH CS B¢ Hi Al 2 TAE wli il i
Redh YLRTE SBF B Fa AL AR Ab il 2, b e 2
H1mVise G HAE AL R, X Zn &8N 0%,
2%7F1 6% 1) Mg-Zn & & HUA AT IRILIAL, id3% SBF
B pHAAER AR AL, JERERE 12 h B R, ERRE
=) I SEM WS F ok 3 AN Tl A

2 HRSIE

2.1 BREPUAINEZE MR ML
T 1RMEREPARMEEL R . T LA K&
GEE B EEET T 98%, HEEE Zn & B
MR B 10 SPS HE4: 1) Mg-Zn & &G MR A .
HH B 1 ] L, R P RORL [R] 57 T 75 B T AL, ORI
PEET DL AN/ k. P 2 YR AR A R e 4 B A i
SEM I 7 [z EDS Ju 3R £ 73 Aii . ¥ 2a N EKEE Mg-2%Zn

F1 AEzZn EERERENEENEE
Table 1 Theoretical and experimental density values for Mg
and Mg-Zn alloy

Sample  pmeo/g €mM?  pep/g€m®  Relative density/%
Mg-0%2Zn 1.738 1.712 98.48
Mg-2%Zn 1.765 1.749 99.10
Mg-4%2Zn 1.792 1.778 99.21
Mg-6%2Zn 1.821 1.818 99.84
Mg-8%2Zn 1.849 1.839 99.46

Bl1 A[E Zn &2 SPS B4 Pk oM iy
Fig.1 Optical micrographs of the Mg-Zn specimens with different
Zn contents: (a) 0%, (b) 2%, (c) 4%, (d) 6%, and (e) 8%

AR SEM IR K H R /N X 3k EDS REik . mI A,
TEVR B I SR i Mg JB0RL R A2 AR T, Zn 3550 (R PR 7R 3L
K. T SPS kedhin B AE 480 °C, T Zn MM A,
TERRLE TR Mg BORLR TH A WA Zn 724, WA Zn 1
72 AR e A S T T SE 70 3 F0RE 18] Be AN 17 38 0 A4 Rk 1 B0
B, AT Zn E ¥ Mg Ry EGER M Mg, Zn
R AR N, 13 Mg Bk FLi 45 A B % . b,
SPS Jo% £ i jita in A Fik v LR B Ve A AE T, A BT
FRAT S0 BT e gt AR

UEAMEEA Zn SR, S AH B AT L EURL [A] 5
T Ak B R AERE %2 . I 2b, 2¢ X FLi b 4T EDS
SYMTEI AN, FEAL TR B Mg, O, Zn. BEZ A
TCEAFAE T IO AR T RE &t T BREETR & 5 AR R 3 1
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Fig.2 SEM images and EDS element line distributions of the Mg-Zn specimens with different Zn contents: (a) the mixed Mg-2%Zn
powder; (b, c) the sintered Mg-0% Zn and Mg-6% Zn samples; (d) EDS elements line scanning of the interface indicated in Fig.2c
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Table 2 Chemical composition at different regions * :g"ng al
in Fig.2c (/%) ) M .. . .. Mgz
Point Mg Zn o] . * ! . .
A 36.1 28.1 35.8 g J Mg6Zn
B 46.4 15.4 38.2 '3 1
c 51.1 13.1 355 = =
N N Mg2Zn
i, FERegs AL R R kA T AL, {H MgO TEA K} | S ST Mg
P 4510 77 7 0 H AR AR AP AR 42 7 A R [ B i 22 20 30 40 %0 60 70 8O <0
B 2c Jyih AL A A R, WL, Zn B R AL (002) o0 -
T Mg 0B FL AL, 75 k4% i R b S AL 1 Mg 30k oo 102 (o T 09
5RHAG Zn JRTHIEY EORR T Mg-Zn S8 i s vz
2, Y HUZE R BGR T Mg RIURLIA] R 25 G s Z
2.2 XRD ¥ 5#h = ﬂ e h e Mgézn
3 9 ELE IR 8 I B4 He il XRD Y I .
We. [ 3a WAL, UMK Zn & B (<4%)H ol M
ER B U 2 R TR RSO L Zn 6 R IOATS I . X 2 20030 40 5;’9/ 0 70 80 %0
BT Zn MBREE, R AR SO B Ak v
F 4%, [HILAARFBEUE /N (=1.0%), 10 HEREE L FE Bl 3 sl iR K S b 45 Ja Btk & 4 XRD &3k
NI & A PE IR 248 Zn SR Mg 1, S EUR S Fig.3 XRD patterns of Mg-x%Zn powders (a) and Mg-x%Zn
MR B Zn [ SR PR AR AR o S BN TR U HE sintered samples (b)

(1.0%), TR Ed /D, B XRD ik Zn

FIFTHT I . IR Zn (R BOlIL 4%, HAK Mg MIBL, Zn CESEMINE 8%, 7E XRD K /)
B ESE I, B ARRATN EH L T A EK Zn JTRAT A MBI Mg ARSI ZAAFEAE. BB 2 19 EDS
G, HIFE 3b ATEN SPS BedhZ Ja BRAR LR MR SpHT R AN, BE4E 2 G Zn J0E T A HUIE Mg JIURL [A] 1
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Fig.4 Mechanical properties of the Mg-Zn alloy with different
Zn contents: (a) compressive strength and (b) Vickers

microhardness

xR3 EEMAFEMEE
Table 3 Ultimate compression strength, failure strain,
microhardness calculated from Fig.4

Ultimate :
Sample compression Fal_lure Average hardness,
strength/MPa strain/% HV,.1/MPa
Mg-0%2Zn 255.1 22.8 411
Mg-2%2Zn 279.4 16.5 547
Mg-4%Zn 357.0 18.2 627
Mg-6%2Zn 379.5 16.6 690
Mg-8%2Zn 367.9 19.36 688
Cortical bone®®!  164~240

FE, B FATE A A P ] BRAS e 45 i SR R K
{F [ s T A T 52 P 4 S8 T A G A 0 A8 A0 6 P 1 47 S
SRRACIEE, BUERAEREE Zn & &I K. bt
JE 5 B B A N AR — A BB J MR AR bR, AR
3 AILLEH, il & & s Akt 1 R R
(R0 s B EE , DAL AT DA 2 B RN R T s ME RE SR
2.4 Mg-Zn & & RIFE M RE

Kl 5 i FELE SBF H Rl Ak il 28, %o JL kAT Tafel
AR BAESHWNR 4 Frox. WK S fIR 4 77
B, 1E Zn HEKT 6%, BEH Zn FEMMNE
(1 B AL N, R R PR, Mg-6%Zn & 43K
DEAF e Re, X2 W T Zn TREEBIREEN
JE kBT, A B TR LR T R AR A2, T
S AL TR R R PR, thAh, Zn
RN, YURSCEER N, PORAME S HEEE,
WA L A R i BE AR 4 . Zn S E T 6%,
JE ik A R BE, B 1e M 2c WD, Zn S EIEZ,
T B MQ-8%Zn A 4 PN BURL S TH A TE i T % 1) MgZn
S AR ELT B, 1 MgZn &8 ik &
MIfEAE SEOE R T 8 £ 1 S kP, Wi zn & &
I 6%J5, A4 IRl R SR I B

K 6 5y Mg-0%Zn, Mg-6%Zn & 4 7F SBF =23t
FEHE pH AR, BB 6 mTA, fEEAMRT
e, SBF 1 pH AR LA, FEMNE T K&
AR A RARY, BEEEAEEMAE
Hh 3 B AR LA S S el TP AR e 2 ke 2 ik 28300,

SYSR
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Fig.5 Potentiodynamic polarization curves of the Mg-Zn alloy

with different Zn contents in SBF
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Table 4 Electrochemical parameters of samples obtained from potentiodynamic polarization tests

Parameter Mg-0%Zn Mg-2%Zn Mg-4%Zn Mg-6%Zn Mg-8%2Zn
leorr/MA €m 600.8 523.1 259.8 106.4 327.3
Ecor/V —-1.565 —-1.502 —1.467 —-1.389 —1.438
10.0
—s=— Pure Mg /
95|~ Mg-6%2n 9.54 ey
9.46 -
So0f > a
= /
> ke
T 8.5+ ) Spot’ ovrasinn_
o
8.0
751 Lo . . . . .
0 12 24 36 48 60 72

Imersion Time/h

K6 RiL&4M SBF 1 pH HEA
Fig.6 pH values of SBF during 72 h immersion

FE ol PR )T B

Mg(*+20H (y—Mg(OH)y) (4
T 101 Mg(OH), 78 5 7 (1) CIF R 2 BT,
Mg(OH)2(5)+2CI (aq)—MgClyaq)+20H () (5)

T W S B s R ata o K S = e
T pH AR IR AR Ak S B A 4 E T VR 1) AR
ME 6 FTEUE 1, fERMHIH Mg A 4 1 Tl 225
P, WA TR ) OH S8 pH B HuE ETF, 7
B — B a5 T = AR = s %, IR AE Mg
(R THECR) TP ORIE F DL E 2272 Mg(OH), (1)
FEAERNE IR R T B AT, RUER R pH EIE 2
T e

7 9 Mg-Zn &4 46 SBF Hhi2 0 5 i) 2 10 Jig ok
TE5i. B 7a f1 7b WA H Mg-0%Zn &4 7E37iH 12 h
J&, T H IR E R R SO B e, R
BUONRIZL . BB 7e il 7d AT A Mg-2%Zn &
STER 12 h 5 H IR BBURL I 5 I bt BORL N 3B
JEE P TR B R, IX S T Mg R TR ) 45 R AN
FHIEAL 5 JE v BUBURL R 7, B Mg-2%Zn & S AEAR
FOAAR R H 5 IR IV TS o 1 ] 7e A 7F AT H Mg-
6%Zn G AERIE 12 h JFREE B S), ‘AL
I ZLGOR B e, SRR AR AE /D B 0 SphdT,  (F AR
TR E] () Mg-0%2Zn F1 Mg-2%2Zn FL & i 5 2 5 42
T BB 7g. Th AT &0, 24 h 5 BT WORLI V% 5 10 )6
P, RO AT LU N R AR TR ik, R R 45
G I ST AR AE o ORE 5 1T AL R 9 1 JE ok e P g AT
EDS 4r#r, HeRnE s, K 8. A fAmk zn i &

Particles corrosion pits

K7 Mg-Zn &4 £E SBF H1I8 05 ¥ 2 T % 30 A R 80K 8 R
Fig.7 Surface morphologies of Mg-Zn alloys immersed in SBF:
(a, b) Mg-0%zn immersed for 12 h; (c, d) Mg-2%Zn imme-
rsed for 12 h; (e, f) Mg-6%Zn immersed for 12 h; (g, h) Mg-
6%2Zn immersed for 24 h; (i, j) Mg-6%2Zn immersed for 48 h
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Table 5 Chemical composition at different regions
in Fig.7h (/%)

Point Mg Zn ]
A 20.5 33.2 36.3
B 15.4 457 38.9
C 86.1 0.4 135

a 4

PointC.

Point B4POINt A

100 um

Content, w/%

Point
Mg Zn O Ca P Cl
A 33.2 0.5 42.3 11.3 10.4 2.3
B 46.0 - 49.7 1.0 0.9 2.4
C 37.1 - 59.2 - - 3.7

8 Mg-6%Zn & 478 SBF HHZif 24 h 5 (¥ 15 1 = M T 551
JH EDS s s R
Fig.8 SEM image and EDS point analysis results of corrosion

products of Mg-6%2n alloys immersed in SBF after 24 h

O B LU AB) AR LU RS ok 2 WA R BB PR BE hn,  T h
Y LRI E] Zn JeE, XZET Zn (15 bl fr
B, WERmEM, Mg Ml Zn FIREZER, Mg %
KA, SEHAEEE Zn tES BRI, HE
7i A7) BT LA B RN N R R AR T 3550 9 R

gE LT, BES Zn SRR, &4 0Nm bR s .
HH LA A PT 0, Zn 325 7 Mg IR LA 22 8 Tk ik R
UEAMEE Zn SR, B IR N, s AR
%, FHAETER T 82 AN . Mg-Zn LA Y55 it
sk ) 40 5 A 7 A B R 2 T L AT R M B AR E
SO T oo o A AL ) T AERURE PN R B R B Cln e 5D AR
T AL BN FLIR R 2 . B B 4L T 1, Mg-6%2Zn
HENIEREE, Rt e L Ha G %%, Wi
SHL A 1) URE PN 0 R A o P S ok, AHL R T AT AR D B
(L, BRI A7 7R 32 ) Ak

3 & B

1) REEREE IR B, SR TR AR R4S /E 480 TC

F1 40 MPa R 4E T2 F, Hil& T Zn & &5 510
0%, 2%, 4%, 6%, 8%[") Mg-Zn &4 . Hl&HME
EECEER S, Zn TREENME Mg RS E
B, 5 S E B Mg KA T HY BUE K T ¥ 102 .
2) BREEHI & Mg-Zn & & RIPUE SR .
(HV) B Zn &M INMEE I, 2 Zn & &R 6%Hf
ik ) B K AR (379.5 AT 690 MPa), #HLL Mg-0%2Zn H:Al %>
BT 48.8%F1 67.9%, K45 M EIHL T BRI
3) il & Mg-Zn £ 4 I B AL 2 ok LA B
Zn & 5 IG E, 6h F FEAE FRAR, AR Mg-
6%2Zn 73 73k | it K AE-1.389 V H %/ ME 106.4 mA/cm?,
SBF 12 S i ik — RSk TRl Zn S ERE N, A40
MR ol P e 79 2 s BE Zn e i, HE ey
T FE P et k3R AT ) R B S b, B R S
R - A ) e % RS DAY X9 50 D A e R B R
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Microstructures and Mechanical Properties of Biodegradable Magnesium-Zinc
Alloy Fabricated by Spark Plasma Sintering

Cheng Linxin*?3, Cui Zeqin>*3, Guo Pushan', Wang Wenxian'??3, Xu Bingshe®

(1. Taiyuan University of Technology, Taiyuan 030024, China)

(2. Shanxi Key Laboratory of Advanced Magnesium-Based Materials, Taiyuan 030024, China)

(3. Key Laboratory of Interface Science and Engineering in Advanced Materials, Ministry of Education, Taiyuan 030024, China)

Abstract: Biological Mg-x%Zn (x=2, 4, 6, 8, mass fraction) alloys were fabricated from pure magnesium and zinc powders using

high-energy ball milling and spark plasma sintering. The microstructure, mechanical properties and corrosion performance of the biological

Mg-Zn alloys were investigated. The results show that the sintered samples have a compact and homogenous internal structure. The

hardness (HV) and compression strength of the alloys increase with increasing Zn content, which reach their maximum (690 and 379.5

MPa, respectively) when Zn content is 6%. The corrosion potential increases with increasing Zn content, while the current density declines,

which achieve their maximum and minimum, respectively when Zn content is 6%. Mg-6%2Zn alloy shows the optimal corrosion resistance.

Moreover, the corrosion mode in SBF transforms from severe crevice corrosion and pitting corrosion into internal corrosion of particles

and slight pitting corrosion with the Zn content increasing.

Key words: bio-Mg-Zn alloy; spark plasma sintering; high-energy ball milling; mechanical properties; corrosion properties

Corresponding author: Cui Zeqin, Ph. D., Associate Professor, School of Materials Science and Engineering, Taiyuan University of

Technology, Taiyuan 030024, P. R. China, E-mail: cuizeqin@tyut.edu.cn



