Hs54s el
2025 4 6H

wEERMISEIIE

RARE METAL MATERIALS AND ENGINEERING

Vol.54, No.6
Jun. 2025

https://doi.org/10.12442/j.issn.1002-185X.20240673

ERIZEHIXT T Mg-0.8Bi-0.35A1-0.35Ge & & J1F M 8E
K G RiT AR S0

T, A24hm 2, K4S,

L GurAe?, A BES

-
N &

(. KFEFET RS MRRNE S TSR i KR 030024)
Q. ZFEXTRBENARAR, thph 2230 032308)

(3. LT A AR

T2, K 300132)

OB EEEHIAEE SR T B AN SR A Y Mg-0.8Bi-0.35A1-0.35Ge &4, HLIEI A E-T2 & 4 A1 5 7 4%

FIRIR-T2 &4, R T Sk 8 M AT & 6 12 g

JEWAT ARSI . SERRY, E-T2 RIS A4, I R-T2

B e NI TR R G AR5 o B-T2 B & A B 1 12 M RE RN J vl Mk RE B R, L AR5 E 9 208.0 MPa,  $L3 fi
BN 274.0 MPa, JEHAR A 25.4%, JEEEN0.12 mm/a. MHELZ R, R-T2 &4 BAAJEARGEE B (285.0 MPa), {HILfi}
SRR (SR 0.35 mm/a), X FE EERG T AETE B B AN Mg, Bi, Rl ey 2 P A 4 5 B0 7™ 3 8 ) JES Aol o6

FEER: BEA L BT, SRigH; JitetERE
FEEEDES: TG146.22 CRAARIRAS: A

AT N
NEHS: 1002-185X(2025)06-1603-10

1 5 5

Ok B i AR Ly LU R v LU BE DL R AL 5
VIR Tz o). R, B A e RAE AN
77 Chep) S5 ANAT BRAGASLIE A2 R 48, F BCHAEH IR 5% AF
AR EE  SOR A MR IR A B e T
FLIAR A A S et AL, S BOHAE S COVE W s ™
EP PR, O v s D B Tk ek e O IR LTI
82 ) B B SRS

B R G AEBTEASTE R R B8 B 5 e U e
I R RE R F EY . i R AR T 2T
ARHU R 5 K 2 UM S PR A5 R A 23, SR S5 i LR
RT3 3 FS I 3 4 ) B FE P A A S AT B 5 <
(I SIS T RE T I HF3RAG AT BB AR pe P, 57t o 45
He)2H 3 — AL 8 X/ 2 W A 0 BURSFEHZ JZARZH RN
BRPEELFIAL AT S o i oL S AL AT DO I A o
DU REL it RV i 5 T AL 7 2 ) LA e B i35 RO
JS2 A3 AR, AT [R5 388 e 15 < ) 5 BE AN SR
S SR A5 A4 18] (KIS ) ) AT RE FEAN A, A i S5 K
PR AR, AT S AN [ P P A 2 1, 3 850 S LA S
bR, BEAh B AR IE E AT Y R AR BRI 1
BRALRIGR . WAZJZ TR » H TR BT B Y
TV RN R SRR e s WAL FE T Ve BE oK . R, JE

ks HEA: 2024-10-16

TE AN AL GE RN 72k BE RN A T R IR, 2 FF & o
SV B TR & S IR O

NS e o e R A UK G e R W) A RN
TOER MR TR E SO A B IR BUR T AT
0.275 nm /£ 45 H HL S PERCEE IE I ALR Ge TR AE N & 4
Tt &, BT AW T 45 R, il & T Mg-0.8Bi-0.35A1-
0.35Ge &réz. [RIB T BTH AR R ) A AR AS K
FAHE H FIEL I I 45 SRR K, 23 I 3REL T 1% 6 413
JR EE MR RO S SR G5 FRR A o B TS T ANIR] dfobr 5 R X6t
S B AN AT g (1 5 e U, T 282 ST 2 RN A )
IS DG R T R e R DT ek B A S AR AR A 21
N

2 % W

A S 56 5% F 45 Mg (99.95%) 41 Bi (99.99%) . 411 Al
(99.99%) LA F2 48 Ge (99.99% )/ A JE 4 A4 34T 125 » fhll 45
Mg-Bi-Al-Ge & & %5 58 « M MW &% N % 1 #4 B A8
(KSW-3-11) 2 5 B A (SG2-5-12) , 4 e it A2
A CO, fI SF, (IR LE A 40: DIE RS S . TRIBZ )G,
BB 25t 200 C iU H 1) 38 AR H (060 mmx120 mm)
HRE Y U BE . B, 0 G B AT DU [ Ak
(320 Cx1 h+ 500 Cx3 h)o RHNEFEFMMBE T ZH
& WM RIAROAE S B R BE D 0.1 mmi/s, B R R E A

HEWB: L4 | RFAIE 4 (202103021224049) 5 52T A 1F 5 ASU0E R 5 15 (2023 XDHZ09)
YEEZ T DU, 22,2000 4546, fill 1, A5 TR RIREFS 5 TAE2ERE, (L AKJR 030024, E-mail : gongshanshan519@163.com



* 1604 «

W] B RS TR

554 3%

300 °C, H R A 36:1, 3K B AR 10 mm 457 4 5 %L
HIELEE 300 °C Lk T #8 70%, 343 E N 3 mm i)
WM o B Ja X AR TE & 4 EAT IR K AR BE B KGR E N
150 °C, 1B KIS [A] 2 24 he £ KIB K7 Mg-0.8Bi-0.35A1-
0.35Ge & 4 f&i #K N BE-T2 & 4, 5Ll 1B ‘K & Mg-0.8Bi-
0.35A1-0.35Ge A & MM N R-T2 &% -

{8 F L5 >4 Rigaku Ultima TV ) X 522 AT 55 70 Hr4X
(XRD) W 5E & 4 (¥ AH 41 A, 1 53 [l 9 20°~80° . i A
fic 45 GE 1% 1 (EDS) ) TESCAN MIRA4 7 4 4 #1313k
5% (SEMD WL 52 4 4 I /) 46 40 240 I 1 30 DA % JS el o
o R W S AT 5 £ R (EBSD, JEOL JEM-
T000F ) A7 4 1 b R A0 & 4 B ), W0 8% 1T R 5%
J7 6] (ED) 8} EL 1) 75 7] (RD) - [7] (TD)~F1H]

SIGAE S AR T AR A 1 em?, 4 T A P B I A T
55, R SIORE IR B R L. SR
CS350H F HL A 27 AT Sl 0 RE o PR O % PR A A
LR BABTIE . SRR F ) = AR R BE PR N AR
FEL A , 41 FELAR A At AR, TR H SR BB (SCED R N 2 L
ML o LERRAG DI 2 1T, B il 7E 3.5wt% NaClIE il iz
161800 s LUK 2 — M€ I T % LA (OCP) . Bl HLAT 1)
M P 1 mV/s FHE S ME300 mV vs. OCP 347l
e FTSEHRE 5 F Corshow B AbHE AR Gtk B 2 i
AR AL . A 4R 2R P, vs. OCP 1 24 20 (DM
ifl_%

P,=2285i,, ¢))
A i, AT I B (mA/em®) o HLAK 2 B 4
(EIS) [ 3 3% 75 BBl v 100 kHz~0.01 Hz, JRIE (5 5 N 5

lifzé‘"sz +0°2 i
| d=20:1:0.2 pm

mV. HFEEEE S ZsimpWin 3K {4 Ab 3

SCIGAT: it 7] AL 2 A S B AE o A S aUAE = R
1 3.5wt% 1) S A AL B 7 R (3.5-HS-NaCD W AT
A& 26 (HERO R 7 17 1 & IR 1 (] 7= A i AUk
ROV OIS, g R PR A s O 5

P, =2.088 V,,/t ©))
3, PONTEIIE R, mm/a; V, 9T EE%, mL(em™d) st A
iR

Fr AP BE IR 5 FH 284 55 9 INSTRON 5982 7 {4
IS HLHEAT , B0 E % 9 0.06 mm/min. FEFURE T EEAT 3 Ik
MR

1 Ff} #2524 Thermo Scientific K-Alpha [ X 5 2k ¢
LT AE 1 A (XPS) XHIR L AE 3.5wt% NaCl ¥ i HH il B 1)
JE b= 5y AT A AT o

3 H#ER5WHE

3.1 EE&MMUELNLEN

1o BT T A 4 1 it b B ) J L B ) 22 £ 0 A
(KAM) LA R (0001) B . B la fl 1d 5,2 F & 4
BIRAETHRFLE M. T ET2H4, NE 1lamf UUE
o, B 4 R I 3 0TS A i A AL 2, P 38 ok R
(AGs) N 9.22 pm. ME1d45 H, R-T2 & &K I H M3
PR TREE 2 AE o e, 20 /0 48 2 o RE DXRTCREL DR AR T it A [X
(1)1 359 R RS R AR & B 4331 8 2.52 pm 11.78% Al
20.1 pm.87.35%.

R 48 KAM BEIF1 20 20 (3D 0] BATH 5P 3 JUART 4 24T

%g%EpGND[B]:

ID (0001) c

Max= 8.527
5.965
4174
2.920
2.043
1.429
1.000
0.700

ED

Max=8.527

(0001)

Max= 23.594
13.931
8.226
4.857
2.868
1.694
1.000
0.590

100 pm

Max=23.594

1 E-T2 MIR-T2 & 4 EBSD S A% . KAM B A1(0001) 4%
Fig.1 EBSD inverse pole figures (a, d), KAM maps (b, ¢), and (0001) pole figures (c, f) of E-T2 alloy (a—c) and R-T2 alloy (d—f)
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Fig.6 EBSD inverse pole figures (a—b) and (0001) pole figures (c—d) of fine grains (a, ¢) and coarse grains (b, d) of R-T2 alloy
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Fig.8 OCP curves (a), polarization curves (b), and Nyquist diagrams (c) of E-T2 and R-T2 alloys

®2 E-T2 NIR-T2 & &R AER
Table 2 Critical values derived from polarization curves of E-T2
and R-T2 alloys

Alloy E,_/Vvs.SCE [ /uA-cm™ p/mV  P/mm-a’

E-T2 -1.48 5.19 259.79 0.12

R-T2 -1.56 15.32 226.86 0.35
Note: E__is self corrosion potential; / _is self corrosion current density;

B. is cathodic Tafel slope; P, is corrosion rate
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Fig.9 Equivalent circuit diagram of E-T2 alloy and R-T2 alloys
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Table 3 Fitting parameters for EIS data of E-T2 alloy and R-T2 alloys

, CPE,/F-cm’ ) ) )
Alloy R/Q-cm . R /Q:cm R /Q-cm L/H-cm

CPE-T/x10" CPE-n

E-T2 14.22 1.23 0.9759 1310 386.1 5391
R-T2 1.974 2.51 0.9762 778 222.7 6875

Note: CPE -T'is the magnitude of CPE; CPE-n is exponential term of CPE
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Fig.10 XPS spectra of corrosion products of E-T2 and R-T2 alloys immersed in 3.5wt% NaCl solution for 120 h: (a) Mg 1s, (b) Bi 4f, (c) Al 2p,

and (d) Ge 3d
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Effect of Grain Structure on Mechanical Properties and Corrosion Behavior of
Deformed Mg-0.8Bi-0.35A1-0.35Ge Alloys

Gong Shanshan', Cheng Weili'?, Zhang Quanfu’, Song Lei’, Cao Jishuan®, Yu Hui’
(1. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)
(2. Xiaoyi Dongyi Magnesium Industry Co., Ltd, Xiaoyi 032308, China)
(3. School of Materials Science and Engineering, Hebei University of Technology, Tianjin 300132, China)

Abstract: Mg-0.8Bi-0.35A1-0.35Ge alloys with different grain structures were prepared by rolling and extrusion processes, including
homogeneous E-T2 alloy and heterogeneous R-T2 alloy. The effects of grain structure on the mechanical properties and corrosion behavior of
deformed alloys were discussed. Results show that the E-T2 alloy exhibits a homogeneous equiaxed grain structure, whereas the R-T2 alloy
exhibits a necklace bimodal grain structure. E-T2 alloy exhibits excellent mechanical properties with synergistic corrosion resistance, whose yield
strength, ultimate tensile strength, elongation, and corrosion rate are 208.0 MPa, 274.0 MPa, 25.4%, and 0.12 mm/a, respectively. In contrast,
although R-T2 alloy has higher yield strength (285.0 MPa), its corrosion resistance is inferior (0.35 mm/a). This is mainly related to the severe
intergranular corrosion caused by the presence of cathode Mg,Bi, phase and high-density dislocations at the grain boundary.

Key words: magnesium alloy; plastic deformation; grain structure; mechanical properties; corrosion behavior
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