548 4
2019 4 6 H

mAEERMEIS IR
RARE METAL MATERIALS AND ENGINEERING

%5 6 3]

R E M ER 7S Mg-2.0Zn-0.5Zr-3.0Gd &%
TR X 26 21 K% i Fig oo 1 e BY =2 i

W e, f &Y OEARE, x m!
(1. R RHE K%, T % FH 471023)
(2. A A4 mIL R AN 8 A Y R AE TG, W B 471023)

O RSN S I R BT KB G B S T BT A T B R BT A A Mg-2.0Zn-0.5Zr-3.0Gd Bk A 4
AIRFEIR o R, AR S A AL 22 R AE VAT 98 T A BV P R AT o 5 RR Y BFIRS &

BRI AR RS 75 T 45 W R LR AT AT AR G HRIR (Mg, Zn)sGd HTRUBURCIR ) MgoZngg fHALRG . )5
UIETE 340~360 “CIN, A &xth ST 45 bh SohL K AR AR 20 BB 6 57 Il ) T sy 0BG n g o 4 B 5 45 T3 58 ) T
M REAR. F RZ 360 CHY, &R T se sl Har i, AT B I ey, #8680 0.527 mm/a,
A S g . ST R R 380 CIN, FE2r ShATEEE ah AR A S ORISR, S U Do AR 5 IR
T v i T e

KB BEEE: BONALZ: EWIEMTERE: ik

HESEHES: TG146.22 STHRARIRED: A XEHS: 1002-185X(2019)06-1982-08

Vol.48, No.6
June 2019

TR R, Bt e 5 N B A B
WIAIAEE S JoBebE . ] B A IR DL S S AR R AR A
PR RS R OS2 BRMIE AR )iz oY T
G AR N AR R R I . R
EAHAD IR E I DS = el 177/ N R VA R 58
Iy B s B <O B v e S h A RE, — ELRWT

R S S R A R e BE . Zn 2N
LA NMEICE, JLTFS 5 NEN P A BACH
MR, BRI AEY S Zn FRINER T 4%
CRESHD W, AR W 52 m B 4 1) 0 B S J
BT, Zr fEE A AL BES £ ALY, DR Ze IR
TN, R R v A G I SRR B ik vk BT, e
Zr ARG & B F 2 04 A OGTT 1 & b kL, R NG
BEPE AR AR AR AR S SR, R
VO 4 I SR % i bk S . Feyerabend ZEUOWESY T
FMR LT R E WA R R A M B, ORI Gd
JCER MM FE AR, I HADER Gd JoRAA N IL
HAYURER . /] B4 I Mg-Zn-Zr-Gd &4
JE# R A HRaE!

Yfs HER: 2018-06-23

W B AR e AL B ik, bt e
15 4 1 7 2 PE RE Rt 6 otk U211 Zhang U
Mg-11.3Gd-2.5Zn-0.7Zr “EW 5 415 500 CIE# 10 h
i, TAE 300 CNHHT THIERBAEE, & 40 dhkL
T Ak, BRJEESMPTRE (UTS). JE Rk
B (YS) KIEHE (EL) 47k 3] 341, 281 MPa J&
13.5%. ff Hank’s ¥ T HEAT 120 h FIRISEL, F
B R4 0 0.17 mm/a. HIEBKE, &8 1%
P Be St JeF il PR REAT B T R KNI B . AR, Zhang
2514 %f Mg-5Gd-1Zn-0.6Zr “EW)EE4r 4 kAT T #ud%
AR TEALEE, B 564 UTS. YS & EL 430K
260, 214 MPa M 30.7%, #£ 37 °CHI AR
(SBF)H, 323 120 h J& P2 B Mg %27 1.0 mm/a.
Liu 5195} Mg-8Gd-1.0Zn-0.4Zr 54847 T 5 L K
WER, AR A4 UTS. YS M EL 4y ik 5 285,
200 MPa il 23%, 1541 )1 2 M REAS 2] T8 K 4 &
FIREEFRALT G, J12E PR K v se e B T
AW, HRNEREEAYTEEES SN
YU I A1 gt

BEF B2 BB S I B0 T N [ B 25 R AR 2 A

HEWMB: WA SRR A4 S EER C(17THASTIT026); ] 7 44 BB B TR (152102210077); /A BE TR 1 %I

(16A430005)
fEZ . B
yaohuai@163.com

P, B, 1978 4R, i, YR, R R EMRRL S S T RSB, R %P 471023, HLiE: 0379-64231846, E-mail:



EXE ]

Bk MR BB XA Mg-2.0Zn-0.5Zr-3.0Gd A <G A0M 41 23 B 65 il 1 it F 5 i

© 1983 -

SR VE K B R AT R, R AR B A
Fai -l Gd JeFE s BRI RE OB OE 2 1) Gd TG E T
et A=A — e fa . N “Eeatt” %8,
EFHRITT Gd & =R Mg-2.0Zn-0.5Zr-3.0Gd £
WG & . 552 T4 R16] R 7T R, JULX
[ 95 Ak R 5 1R B 2 AT AS RN FE R B R AR TE, B
WG B S b S S AN A SR, HRAERIEA
I ¥ 5% T AR T I (1) 45 4 21 VR M R sk v e
1 %X I

PLAGE 4 99.9% 1) 4l Mg. 4li Zn. Mg-Gd J Mg-Zr
)& 4 JEORE, A ZGIL0.01-40-4 7 B 25 KW 4,
1t CO, Ml 2%SFe W& AR I/ 47 AT 1 Fh
Mg-2.0Zn-0.5Zr-3.0Gd £ 4x. A T ffi 52 [ v Ab BRI
K AETHE A HCT-4 £5-5 #d3 HT O 8 Mk 1 4 S 24T
DTA 43#7, @Y, THEEE S 10 °C/min,
DTA & Wil 1 s, JLaAHm iRy 524.1 C,
T R (R N TR SRR 20 C A4,
H VAL N, fERAWRTE, 1R 480 CH
LR G G BT T 10 h [ Ab B

B JE & 40 T @50 mmx35 mm B FFHF
JEFEEE, 2 WIAE 340, 350, 360, 370 F1 380 °CHIL
FER XA S AT H AL TR AL B, AEEER T i ©18
mm [ EFE, FHEEh 8, FrREELA 5 mm/s. ¥
B 1 AR AR AT S ED, R JE XA LS B AR AE
200 ‘CHEAT 4 h 3B KALFE .,

HE BT 5 T7 m ) ERARE, X R AT 4 O 52
S B e GE R . R S AH BAEE (OMD ML%E 4
AL K ISM-5610LV %Y 7 B3 (SEMD) M
S B3 A JEM-2100 855 5 /1 5 385 ( TEMD
W55 53 BT T 0 2H 23 K AR 45 H

JE S AE 37 C ) SBF Thit4T, SBF HIAL2E

g
(e}
T

Bl

g
o

1.0
0.5
0.0
T-0.5
-1.0

eat Flow/uV-m

524.1 °C
1

320 360 400 440 480 520 560
Temperature/ C

Kl 1 #74& Mg-2.0Zn-0.5Zr-3.0Gd &4 1) DTA £k
Fig.1 DTA curve of the as-cast Mg-2.0Zn-0.5Zr-3.0Gd alloy
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Fig.2 OM microstructures of the alloy after solution-treatment (a) and extrusion at different temperatures:

(b) 340 C, (c) 350 °C, (d) 360 C, (e)370 C,and (f) 380 C
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Fig.3 TEM images of the solution-treated alloy (a, c, e, f); corresponding SAED pattern of the granular in Fig.3a (b);

corresponding SAED pattern of triangle-like in Fig.3¢ (d)
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Fig.4 TEM images of the alloy extruded at 360 C (a, c, g); corresponding SAED patterns of rod-like in Fig.4a (b) and ellipse-like in

Fig.4c (d); TEM image of the alloy extruded at 340 C (e), 350 ‘C (f), and 370 ‘C (h, i)
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Fig.5 Polarization curves of solution-treated and as-extruded

alloys immersed in SBF for 1 h
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Table 1  Ecorry Icorr and P; of solution-treated and as-extruded alloys derived from the polarization curves

Extrusion temperature/C Solid solution 340 350 360 370 380
Ecore/V vs. SCE -1.48 -1.554 —1.488 —-1.451 —-1.469 -1.504

Teore /pA-cm™ 4.042 8.387 4.189 3.557 3.597 5.573
P;/mm-a’’ 0.183 0.374 0.189 0.161 0.163 0.251
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Fig.6 Corrosion rates for solution-treated and as-extruded alloys

measured by mass loss after immersion in SBF for 120 h
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Fig.7 SEM micrographs of solution-treated and as-extruded alloys immersed in SBF for 120 h after removing surface corrosion products:

(a) solid solution, (b) 340°C, (¢) 350 C, (d) 360 C, (e) 370 °C, and (f) 380 C
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Effect of the Extrusion Temperature on Microstructure and Corrosion Resistance
of Solution-Treated Mg-2.0Zn-0.5Zr-3.0Gd Alloy

Yao Huai'2, Wen Jiuba'?, Xiong Yil?, He Junguangl’z, Liu Ya'
(1. Henan University of Science and Technology, Luoyang 471023, China)

(2. Collaborative Innovation Center of Nonferrous Metals, Luoyang 471023, China)

Abstract: Effects of the extrusion temperature on the microstructure of solution-treated Mg-2.0Zn-0.5Zr-3.0Gd alloys were investigated
by a metallographic microscope, a scanning electron microscope and a transmission electron microscope. Moreover, the mass-loss
measurement and electrochemical corrosion technique were used to investigate the corrosion behaviors of the alloys in the simulated body
fluid. The results show that the extruded alloys are composed of large deformation grains and dynamic recrystallization grains, while the
precipitated phases consist of nanoscale rod-like (Mg, Zn);Gd and granular Mg,Zn;; phase. With an increase of the extrusion temperature
in the range of 340 °C to 360 °C, the volume fraction of dynamically recrystallized microstructure of the extruded alloys gradually rises,
but the corrosion rate progressively decreases. When the extrusion temperature is 360 °C, the alloy has a fully dynamic recrystallization,
and a better corrosion resistance with a static corrosion rate of 0.527 mm/a, and its corrosion mode is uniform corrosion. When the
temperature increases to 380 °C, a portion of the dynamically recrystallized grains grow abnormally, which results in an increase of the
corrosion rate with increasing the extrusion temperature.

Key words: magnesium alloys; microstructure; biocorrosion property; extrusion
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