May 2025 Rl % 18 N B8 &
Vol. 45 No. 5 SPECIAL CASTING & NONFERROUS ALLOYS

B EX ZM30-1Gd-INd$E S S HAMEETIT AR

BmINE g xS OEBAFE HEREY
(1. xER T XFMHBAFE TESLE, K& 116024;2. i X F T EIN%E T o, F 4 132013;3. K#E#F T KFT
WA TR, T ok 315016)

t

MR-5&I1Z2

4

B B ONTHAREGRAEDESS RS L EE GRS H 2 AR T T 26 & T 48 ZM30-1Gd-INd 84 4,
FYG2E BB L XS R AT R TR AT S M T A A O 21, I T RE R AR AL K Ak TR IR T 4 i 1k RE
M AR SRR AT S AR FE N o-Mg Mg, Zn, fl WAH (Mg RE,Zn) i . IR AL S ZM30-1Gd-1Nd )2 bk 3 it 45
P32 ST VS A R AR T O B 70 N AN IORY o 285 [ S AR TR AN TS 80 E R T Sh S LS L 2 ROIR CRUIR 20 A B A A Rk
Ok g /N . BYE H Ry 640 1 B9 RRZE & MR RE R A, S 5 BT P 3 13 A IR 5 43 1K #1) 272 MPa #il 191 MPa, £ Hank's % 3 8
i R AR, 1.21 mm/a, B8 B GBS N 0] 203 ZM30-1Gd-INd & & Y 4 AP

K@ W EAHES S A R A S Re AR

HESES TG146.22;TG249.2 XEIRERG A DOI:10.15980/].1222. 720240010

Effects of Hot Extrusion on Evolution Behavior of Microstructure and Properties of
ZM30-1Gd-1Nd Magnesium Alloy
YANG Xiaohan', YANG Miao*, GUO Enyu"?, CAO Zhigiang"’

(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024 ; 2. Engineering
Training Center, Bethua University, Jilin 1320133 3. Ningbo Research Institute of Dalian University of Technology,
Ningbo 3150165
Abstract: In order to obtain biological magnesium alloys with high performance, different kinds of ZM30-1Gd-1Nd
magnesium alloys were prepared by mold casting—+semi-solid isothermal treatment+ semi-solid hot extrusion process.
The microstructure of alloys was analyzed by optical microscope, scanning electron microscope, X-ray diffraction and
electron probe, and mechanical properties and corrosion rate of alloys were tested by universal tensile testing machine
and electrochemical workstation. The results reveal that the structures are composed of a-Mg, Mg;Zn; and W phase
(Mg:;RE,Zn,). After isothermal heat treatment, the lamellar eutectic structure in ZM30-1Gd-1Nd is gradually dis-
solved, and the edges and corners disappear, which is transformed into fine particles. After semi-solid hot extrusion,
recrystallization occurs in the microstructure, and the second phase with lamellar and reticular distribution is broken
into micron-sized fine particles. The specimen with extrusion ratio of 64: 1 exhibits desirable comprehensive properties.
The average tensile strength and yield strength reach 272 MPa and 191 MPa, respectively, and the corrosion rate in
Hank's solution is the lowest, which is 1.21 mm/a, indicating that hot extrusion can improve the comprehensive prop-

erties of ZM30-1Gd-1Nd magnesium alloy.
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Fig.1 Schematic diagram of process procedure

1.2 AARES MK
MG BE A B A L YIRS BE 8 10 mm /N EE & 4

HIVE 4 MBI AL, 28 600.1 0002 000 F1 4 000 57K J& b 4%

FTBE 1.0 pm S8 A0 B0 2 77 4 6 B O, 4 AR I b v R

R TR 7 W CIE L i R 1.5 g, OB 25 mL, TR
767



Frfp il MR (05 &

2025 4EHS 45 405 5 1

5mL, 7K 10 mL) , J& ft if 6] 2 4 s fff AT SUS000 41 4
HL B8 UL 2 G 4 1 TROWE 2 20, i T R T R A 1) BB 3
5r #1 (EDS) , fff Hl JXA-8530F PLUS H F # %
(EPMAD X IR FE 3 47 &5 TS 23 1, DBFORCUS
X 5 26 A7 S5 A (XRD) X 38 4 2 47 A0 45 #4649 0 A, 1
Image Pro Plus 4 & £ # 4 vk g2 i1 fi ki K 56 — AP
B RSE, M4 30 37 T B9 &0k RE I BCF 2446,
ICP 6 300 HL R AE & 2 B 7 K J5U 7 %4 51 3% (Induc-
tively coupled plasma atomic emission spectrometry
ICP-AES) K5l 4 4 #5 5 9 fb 22 i or , Wk 1. W LU
th T Y B BT SR AL G 44 UL o

1.3 AN

I DNS-100 57 g3 56 AL 38R 28 47 hir i 4 R
Mt IR T PR EE 2 R 1 mm/min, #R8 5 30 mm , &
RE I 5 3 . A HBE-3000A A B2 31
AR (HBY , JE Sk B A8 10 mm, 2] faf A
98.07 N, I ZK it [8] A 30 s, & A AL I 12 5N AS [RAv &
ghEIR
1.4 JE i Z g

H Ak 2 A A (374£0.5) “CHY Hank's I i , B
Ak 2 B4y L% 2. {8 Corr Test Instrument CS310H
Mk 2 T AR o 1 S8 47 600 s A9 JF % | A7 ) 3k

x1 KEAEEIHRBS . s N .
s , (OCP) P13k (A 7 B J 32 A7 P A 25 LB U, EIS
Tab.l Actual composition of experimental alloys % . . . L
- I3 0 4 R R 5 m v, R Y AR X ) Dy 0.01 Hz~
‘B N . —- AN 3 A
7n Mn Gd Nd Mg 100 kHz; Ffi J5 0 3 2 o A7 B A it e, 430 3 X 1) o
2.96 0.31 0.94 1.05 At OCP=£300 mV, = #E R 1 mV/s.
#z2 Hank's BBHZERS
Tab.2 Chemical composition of Hank’s solution (g'LH)
W
NaCl KCl  CaCl,  NaHCO, KH,PO, Na,HPO,- 12H,0 MgCly- 6H,0 MgSO,+ 7H,0 CHpO,
8.00 0.40 0.14 0.35 0.06 0.06 0.10 0.06 1.00
. @ * a-M; A Mg.Zn,
2RI R gsezn
21 HLARTESDH Bl 1 T B
e lile 1 felmeae cenne
B 2 k4 Ff ZM30-1Gd-1Nd & 4 19 XRD #5 & 45 . A S
S gk AR E PDF R R AT A 414 4 B e-Mg i P BV SR W %
H \Mg:Zn, # Fl W-Mg:RE,Zn; # (RE=Gd . Nd) 24 i . = P—— - . bl TS
20 40 60 80 100

BT S W 5 A A8 A, I HG R 28 aek A5 IR Bk B Y R
Mg, Zn, W 58 A5 It [ A, 158 W B4k 3L 5 3 43 Mg, Zn, AH £
WA AT LLE LA H A SRR IE W Y 07 R
G, 32 WY A TR AR AL B BB R I T R el AE ZM30-
1Gd-INd & & WP AH AR, I BOAS T 9 55 6 o 25

(b) IHT

e
A2 ZM30—1Gd—zfliI;/e.\é>x%éi4’ﬁ%m¥
Fig.2 X-ray diffraction pattern of ZM30-1Gd-1Nd alloys
Pl 3% 4 Fh ZM30-1Gd-1Nd & 4 OM 4181, Xf &l 3
HEAT T dboRL RS B 5 AR B B e it S5 SR WL IR 4.
i 1 3 0] U, MC IRURE B AR RO ST A X B, b

200 pm
(c) IHTE25

oo 200 pm
(d) IHTE64

B3 7ZM30-1Gd-1Nd 44 OM 41 48
Fig.3 OM images of ZM30-1Gd-1Nd alloys
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Tab.3 Point composition analysis of ZM30-1Gd-1Nd specimens

i 2/ % i
Mg Zn Mn Gd Nd

A 99.14 0.63 0.20 0.02 0.02 a-Mg

3 74.96 16.97 0.11 3.16 4.80 Mg;Zn,, W-#
C 73.34 18.49 0.22 4.18 3.77 Mg, Zn,, W-H
D 99.05 0.71 0.13 0.06 0.05 a-Mg

E 91.11 4.85 0.31 1.65 2.08 Mg, Zn, . W-#H
F 91.81 4.03 0.19 1.63 2.34 Mg;Zn,, W-#
G 97.72 1.75 0.24 0.15 0.14 a-Mg

H 81.89 12.44 0.57 2.08 3.01 Mg, Zn, . W-Hf
I 98.25 1.32 0.23 0.08 0.12 a-Mg

J 86.41 9.79 0.17 1.78 1.85 Mg;Zn,, W-#H

8.53% +0.71% Wi /N & 4.36% +0.49% ) , 2 F otk iy 3t
Al 4 R B T AR R T S R R R R AN TR
B H AN C0.7140.11) pm, ¥ & F 0 T 3K -,
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Fig.10 SEM images of tensile fracture of ZM30-1Gd-1Nd specimens
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Tab.5 Polarization curve parameters obtained by Tafel extrapo -

lation method

WHE BV, PR R

MC —1.65 1.47X10* 4.82

IHT —1.62 8.59X10 ° 2.89
IHTE25 —1.63 4.60x10 ° 1.37
IHTE64 —1.62 3.71x10° 1.21
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Tab.6 EIS spectra fitting datas for ZM30-1Gd-1Nd specimens

under different processes

. R/(Q- CPE//(F- R,/(Q- CPE/(F- R/(Q-
Lﬁ# 2 —2 2 —2 2
cm”) cm %) cm®) cm ) cm?)

MC 89.37 1.08X10° 320.00 1.57x10°° 139.90

IHT 83.88 9.36X10°° 367.80 1.69x10°° 113.10

IHTE25 87.82 1.16X10° 267.40 2.56x10"° 174.80

IHTE64 96.84  9.50Xx10°° 913.50 3.13x10°* 469.00
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Fig.11 Electrochemical performance test results of ZM30-1Gd-1Nd specimens in Hank's solution
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Tab.7 Yield strength parameters and calculation results

S8 AGOrowan Ag(}min/ A pisiocation Aﬂs(m.uon/ Ag’["olal/ A”Expmmcm/
Z

/MPa  MPa /MPa MPa MPa MPa

MC 3.40 33.71 15.92 5.93 79.96 80.80
IHT 8.05 32.30 11.53 6.08 78.96 76.50
IHTE25 38.51 93.13 9.30 9.58 171.52 185.40

IHTE64 38.23 109.78  14.88 7.69 19158  190.70
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