FaL FEI0H
2016 4F 10 A

BEERMISIE
RARE METAL MATERIALS AND ENGINEERING

Vol.45, No.10
October 2016

HHIE R Mg-6Zn-xGd & &R ERLA 5 E 1t 6E
BXE', ZEH L2, HE4L!

Q. JINEAEEB B, A& T 510650)
(2. mERHERGRAR, ## K¥> 410200)

B OE: @Ot FEHEMREEFREMERAT Mg-6Zn-xGd (x=0~4) &&MFIERHL, WK T HEAfh 7% 6

AT ok 1 BE o

SERRY: BEE Gd SR, FESANWEMML, FHER RS Mg-6Zn & 41 12 um Z#i il 5

Mg-6Zn-3.41Gd & 4111 2 um; B R SRR F7 2 R 0 B3R &, FLRLoRIE op F1E IR E 00, 23 ) 7 2 55 &2 Mg-6Zn-3.41Gd
4421 350 MPa 1 325 MPa, JEfHE § K5 m, HIAMKT 10%. FEA Mg-6Zn & & 1 JE ol R g, Jy A
W R BN E Gd UREMH 0.66%) 5, & &ME MM, EEmMARREY S, W35 8l R
R WL Gd (1.66%H1 3.41%) J&, &4 Mk fs SRk,

SR AEYEMBES S Mg-Zn-Gd &4 4141 J1sETEaE;
X E4S: 1002-185X(2016)10-2609-06

FEEDES: TG146.2°2 THERFRIRED: A

Tt e 8 e

BAERARERE . & sm iR & LL R R DL R
UL e PERE . DTN T SHAES A, ERE.
I TR AT S LR SR U RS B H &R )2 R S B
N 21 A B BRI SR R R — o IR, BE
EEENEYERME I BTN R Z 5%
L SRS, gk kA4 Co-Cr & 4% H Al
R EFHWERESBMEMI, BERESSENEY
B2 AR LRI SRR (1) Mg &4
HRES N E AT, MEA Ti & &r% Rz K
TANEERE; (2) Mg KHEEM 5 LRI &,
PaVERLE 2N 45 GPa, A K EE KA 4 b b
(109~112 GPa) 1) 1/2, 5 N & #iiE i (3~20 GPa)
ORI, BeA M E RHEANYIR) “RJER” &
Bi; (3) Mg Xt AEF 28 0 Tk, A8
BB Z RSB EDEEWRCONEE, 24RO
EH T RER S BT L T BB 75 (4) BRI b i FL AR
HLAZ AR, 76 75 G0 110 AR A B A 358 w5 ot B A
TEFEN NG B N PRI B G U B A, B
TIRFR, R EE R AR (5) AR
Be. ARG S FEH T & A E E 2L E 3
N N TIE ><  gA  l (= a <Y = R A e o
MYERIREAE. HETH TS XENEAE&EFTER
AZ31. WE43 R E&EMmEMESE. AR, X
Se Bt A i A S RAE LR . RORE RN W AR

Yfs HHER: 2015-10-27

FR%5 75 T A HUAS BT A R B0, EA A — R
FRPE, FERIERMBERDHR. EWORMR. 64
(1) 772 VE e e 2 BB R . Gd R BGE B A &
REMEEM LooR e —, HE Mg J 0 EEE S
(4.53at%), [ 7 B BE R B 10 R R IR B A%, 7EJF
Rt semEsb B ERNE S, B
Gd BNV B A 4 Nt 2 1 AT 4T P 7543 23E
M2 gk, ALK AE Mg-6Zn A & RN
0~4%Gd (Jii & 5 %), Wit R G 70 H7 IR A AL L AE AR
LR S B PR RE . BRER Mg-Zn-Gd R& & 1F
L S B AR AT AT 1

1 % W

AR MRL-8 B8 & & f Ly, FEIR &
R3PS Ak CO,+0.2v0l%SFe IR T, 42 M B TH 1 B2
W LA i G, 4 Fh& 443 ) 8 Mg-6Zn. Mg-6Zn-0.66
Gd. Mg-6Zn-1.66Gd fil Mg-6Zn-3.41Gd. #7JE ik H
1R TR 55 PR B E MRL-8 7 e B b 2 M i 58
NI 4 JR A L 75 81 6110 mm (R85 58, SR B T34
AbFE P22 400 CHYSMALEE 8 h 5, HLIN T % ¢100
mm; $EHETE 638 T HEML LT H R SLL, $ES4
WF: BIEAN 40, HEREE T A 320 C, HEHE
JE VN 4~6 mm/s.

ST BE RO S5 055 e 2 G AH URE FH 257 VR 18 5 et

EeWR: | AE D EBREATSRIESETH (2011A090100004); |7 RE 7 3HE KT H (2010A090200078)
TEEEN: BOCE, B3, 1956 F4, HBREEE TR, MG EEBHA, |4 ) M 510650, Hi%: 020-61086180, E-mail:

giwenjun987 @sohu.com



* 2610 -

Mol SR AR TR

45 3%

7 (1.5 g TIRER+25 mL ZEE+5 mL ZPR+10 mL 7 1%
KD JE kS FEAE Leica DM IRM B2 B MEs (OMD)
FHHATHANEE . ERLA OXFORD7412 B RE X

(EDS) ) JEOL JXA-8100 244 1 ¥ B4 8% (SEM)
FRAMELH L. £ DNS200 %Y 5 fed4 RHR B ML 1 i
TR RS, BAPHEE N 2 mm/min.

TR 1A T et 1 43 3] D 2K B 92 R Bl RS A A it 2
ok & . B FEENLIN T % 612 mm x15 mm, £40
WO ARFT B a0 2 T 88 P T e T S AR . A HL
3 ANEE S A 4H e e 4a 8 i B HE TR 150 mL
Hanks BRI REAR BT A7 R 200E R E 2 e
BUA, WEiRE N 37 °C, RIBHE 251K 24, 72,
120, 192 A1 288 ho H4HLH FIAE b N 0 s (4) B 2 i
FRAR Y (200 g/L CrO; + 10 g/L AgNO,) ik 2
min, DL BRUTRLER T Bk r= 4, S8 )5 & T N
rHOBE FE B R 10 min, TS LE RORS BE I L AR B AR
HEmEm e, FRRMmEEH AR v=Am/(A1) i
b, e Am AR B ET 5 & 2, A I
FE5 V3 WA 2 IR THAR, t NIRRT [A] o R4k 2 0
WIS AE AL AR BT . BB RS & SRR
JEH H AR R BRI — IR T, BT —1HE
RN TAET HAT BN, SWNEEEIE TG E T = aik
e R g, Rl AR N B P R e 15 min J5 T
B8, AR FL AT ) 4 3G B -0.5~0.5 V, LA
0.5 mV/s BEAT 2 V41 3R 15 M fh il 25

2 HBR5GH

2.1 HESESWERASE HFEMEE

Kl 1 5 Mg-6Zn-xGd & & 7EH & J7 17 L [¥) OM B
Fo AT, BREAALUS R B, X2 dFrER
PR TR & KA A HE &, T2/
Zidmdhkl. BEE Gd FEMIG M, &R R
Mg-6Zn &4 1) 12 pm Z#ijk 2 Mg-6Zn-3.41Gd & <
()2 um. AR, FFEA Mg-6Zn &4 M4k RFEER
b OO A0/ #A RS e PEAE MgZng, 4R BT
B FE P [ T a-Mg 37k . AR N Gd 5 T R
T AR SE MR A Mg-Zn-Gd 78 25 A0 Ab B rp ok [ VA T
a-Mg Ak, Z5 KR RAENRE, HAES LT b
& TR oA

2 NEFEA Mg-6Zn-xGd & 4 1 S i b fd )y 2%
PEBE. AT, FERASA £ 2 A0S 11 = R R 7
ZAERE . MQ-6Zn —JC & & TR R E o0 JE IR IR 092
FIZEAHZR o 4354 295 MPa. 193 MPa Al 16%. [E#
Gd ZF R, op B oo, 70 E & 2@ £
Mg-6Zn-3.41Gd % 4] 350 MPa fll 325 MPa, #2 =i

B 1 BIEA Mg-6Zn-xGd &4 OM I8 Hr
Fig.1 OM microstructures of extruded Mg-6Zn-xGd alloys: (a)
Mg-6Zn, (b) Mg-6Zn-0.66Gd, (c) Mg-6Zn-1.66Gd, and
(d) Mg-6Zn-3.41Gd
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Fig.2 Tensile mechanical properties of extruded Mg-6Zn-xGd
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Fig.3 Average corrosion rate of extruded Mg-6Zn-xGd alloys in

the Hanks solution
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Fig.4 Corrosion morphologies of extruded Mg-6Zn-xGd alloys

immersed in Hanks solution for 3 d: (a) Mg-6Zn,
(b) Mg-6Zn-0.66Gd, (c) Mg-6Zn-1.66Gd, and
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Fig.6 Polarization curves of extruded Mg-6Zn-xGd alloys in

Hanks solution
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Table 1 Fitting results of polarization curves of extruded
Mg-6Zn-xGd alloys

Alloy Ecord V leorr /MA €m’
Mg-6Zn ~1.205 0.712
Mg-6Zn-0.66Gd -1.331 0.716
Mg-6Zn-1.66Gd -1.345 0.724
Mg-6Zn-3.41Gd -1.355 0.731
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Fig.7 EDS result of extruded Mg-6Zn-0.66Gd alloy immersed in

Hanks solution for 3 d
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Extruded Microstructures and Corrosion Properties of Biomedical Mg-6Zn-xGd Alloys

Qi Wenjun', Gong Xiaoyi' 2, Huang Zhenghua*
(1. Guangzhou Research Institute of Nonferrous Metals, Guangzhou 510650, China)
(2. Shengtong Technology Group Co., Ltd, Changsha 410200, China)

Abstract: Extruded microstructures of Mg-6Zn-xGd (x=0~4) alloys were investigated by optical microscopy (OM) and scanning electron
microscopy (SEM). The tensile mechanical property and corrosion property were also tested. The results show that the extruded
microstructure is refined obviously with increasing the Gd content, and the average grain size decreases from 12 um for Mg-62n alloy to 2
um for Mg-6Zn-3.41Gd alloy. Extruded tensile mechanical property is enhanced significantly. Tensile strength o, and yield strength oo,
increase gradually from 295 MPa and 193 MPa for Mg-6Zn alloy to 350 MPa and 325 MPa for Mg-6Zn-3.41Gd alloy, respectively.
Elongation o first decreases, and then increases, which is not lower than 10%. Extruded Mg-6Zn alloy exhibits a slow corrosion rate with
typical local corrosion. When a little Gd (0.66 wt%) is added, the corrosion rate increases slightly; but its corrosion becomes more uniform,
changing to the uniform corrosion. When more Gd (1.66 wt% and 3.41 wt%) is added, the corrosion resistance deteriorates sharply.

Key words: biomedical magnesium alloy; Mg-Zn-Gd alloy; microstructure; mechanical property; corrosion resistance

Corresponding author: Qi Wenjun, Professor, Guangzhou Research Institute of Nonferrous Metals, Guangzhou 510650, P. R. China, Tel:

0086-20-61086180, E-mail: giwenjun987@sohu.com



