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3530 Mg-5Bi-6 AlUSIAT Mg-5Bi-1SiP7IE PN i & & A 8k
GEMBAE BRI RS R RE, HAE 13.5~70
m/min HHF R E T REORSF RAFAORE BT E . HE R
SRS RHRLE 185~225 MPa 2 [A]UIS18-253142) b5 gyl % I
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K 55 18 T2 & A @120 mm x
H2000 mm MG E&HEM, R EBREEE &
REPGEE (ICP-MS-7700X) 45 21 fr i 4 146 5EAL
R 4y N Mg-7.78A1-0.42Zn-0.86Ca-0.23Gd-0.16Mn

(AZXVMB0100) . KAk # 5, 7 420 °C R AT
36 /NI AL, SRS KA BIFENE A A 5. M
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WEELE ) AZ80 (Mg-8.0A1-0.4Zn-0.2Mn, wt.%) &4 fE
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MRS E T E#ATHEML.
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Pro Plus 6.0 A%} AZXVMS0100 &4 -1y ki R~

(d) FIEE —FRRORL I THAR 73 80 (N S HLVRHEEAT Se it
AT — 2, SR X AT (XRD, D8 ADVANCE)
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4 0.15 um, FFFJH HKL Channel 5 3 1F%F EBSD #{
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FERPAFRLE, PR 1x 107 s, MW 3 WEHCE
BHEIE & BRI . Ak, AT HRR B
R B ARTEHLEE, R EBSD BT T i Bt
JE AZXVMS80100 & & Hifi 22 8% N AR K (I SURHE ;s JF
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[EEA AZXVMS0100 &4 OM AWK 1a fr
R, HOPBIEERIR (&) N 316.8420.2 um, A& HHiETR
B3 A R A ]V 3 B 2 A AR B 10 s ()
SEM ALK G 1T 153 3G & R AR5 A 7340 () m=ik
~6.8%. ZiEr EDS T (£ 1) 5 XRD (F2) 7
ZEH, EIEA AZXVMS0100 A& s —MEER
AlLCa fl. ALGd #15 AlsMns .

1 ¥ & AZXVMSB0100 HEMMAS: (a) OM; (b, ¢) SEM
Fig.1 Microstructure of as-homogenized AZXVM80100 alloy: (a) OM, (b, c) SEM






% 1 BIEZ AZXVMS0100 &4 #) EDS AN R
Table 1 Chemical compositions of second phases in as-

homogenized AZXVM80100 alloy (Mass fraction / %)

Possible
Element Mg Al Ca Mn Zn
phase
A 927 670 022 000 036 0.00 a-Mg
B 388 393 212 0.00 0.60 0.00 AlLCa
C 598 349 690 0.00 026 52.0 AlLGd
D 383 399 21.1 0.00 0.66 0.00 AlCa
E 9.62 523 452 328 060 0.22 AlsMns
F 40.1 392 200 000 077 0.00 AlCa
; n 0-Mg
. | ] ! e Al,Ca
8, +ALGd
= + AlsMns
= .
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Fig.2 XRD patterns of as—homogenized and high-speed extruded
AZXVMS80100 samples

2.2 FFIEZS AZXVMB0100 & & BY A M5 5 MR R4 E

W 3a-b Fras AT EE S S AZXVMB0100
G5 AZSO EEBEM I EME T, TELEH, 7
FEHOH N 32.4 m/min I, RH] AZ8O &<t s K
AETEER (B 3b), MR RS TS
K AZXVMS80100 #A+R M EE, RN BB
HRE, WA MR (F 3a). &amEER R+
P RAER (&) ATRRAER (1) HEILe);

6D3VR In ER D
Dp3-p3 1
B E

{H, ER. Vr. D De 53 REF R RSB Bhid
FE. BERNE. BrHEMER. T AT R AN
AZXVMB0100 #k} EIH L4 (ER: 36, Vi: 15 mmJs,
Dp: 36 mm, Dg: 6 mm) FICG RIS 5Ig AZ80 & 4Rk
g2 A H R T2 240 (ER: 50, Ve: 1.5 mm/s, D:
68 mm, Dg: 99 mm), A LLIFHEHE AZ80 & &5
AZXVMB0100 & 4 REME B 22 4 5% H i L th (1~ 25 B AR
ROy RHIN~0.52 s F1~9.00 s, EAR AZXVMSE0100 57
i AZ80 & & B AMITH& &8y, (HMATRERSZ P
BN AR HR K, AZXVMS0100 & 4 HIH IS MERE B AL
T AZ80 4. CAWRISIEM, HT AZR0 & E
A (MgrAl D B SEUK (437°0), SEH
TE RS AR TS R R 5 R ARG, Hoim b R
HH~4.5 m/min. 1AW FIELHER Cay Gd LR
BT EA&EEk, HEHK AZXVM80100 &4 £ E

&=

FREE AT e, KRB RiEE (>324
m/min) JEF] T AZ80 A4 (~4.5 m/min) f 7 5L L.
FAE AZXVMS80100 & 41X —f 55 rHs e n TR
HE0 5% 4541 Mg-Al-Ca-Mn &4 1 Mg-Zn-Ca-Mn
G AR IR — P X S BT R AZXVMS0100 &
SMMAL AT TR W 3e-f Fin NEHFIES
AZXVMS80100 A 4:1f1 OM 5 SEM 414, myidis o T
JG, BERETRENRHLE, KPR RN R
8.6£1.7 um. LAk, FEVEA AZXVMS0100 Hk}H 2 W4k
IR 43 A R A VA 5 — AR i 45 e i 2 e Al e J v
B J7 W R A (B 3e-f), J#id Image Pro Plus
6.0 AN EHTA D EHN~6.5%. B 4 Gt THES
AZXVMB0100 £ 4 H AN [7] JRBE B AHASURL ) o e, R
SPHEELA 0.4-6.8 pm, P3RS N~1.31 pm, BFEES S
S REME A REML. WA 3g1 Finm
EDS JCE it R5 B 2 FioRif XRD 434 45 R n]
PLREL, FFED AZXVMS0100 &4 58 A0 B0k £
BN ALCa #l, RN EH D ER AlsMns AHHT ALGd A,
X5 S A G4 A AL — 2
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Fig.3 Surface quality, OM, SEM and EDS mapping analysis results of studied alloys extruded at 32.4 m/min: (a) Surface quality of the

AZXVMS80100 alloy (b) Surface quality of the commercial AZ80 alloy (c, d) OM images (e, f) SEM images (g-1) EDS mapping analysis results
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Fig.4 Size distribution diagram of the second phase particles in the
high speed extruded AZXVM80100 alloy
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. FHESBHAE, Cafl Gd TERH Mg TR 2R 47
K, HHBEEE Mg A &5t n] DUES Hod 72 dront
BNAS T 45 i bR AR SR ZU R B B AR, 3R 5 2
RS, Fldn, HEA Mg-1.32Bi-0.72Ca &
4152531 Mg-0.71Zn-0.36Ca-0.07Mn £ 42351 Mg-1.58Zn-
0.52Gd & &P I 5 E[10-10]80[2-1-10]F “F
+7 HHHZ . T AZXVMS0100 &4, K4 Ca
il Gd mERMES S5 ELEY (ALCa, ALGD MITE
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Fig.5 EBSD results of high-speed extruded AZXVM80100 alloy: (a)

IPF map (b) band contrast map (c) inverse pole figure (d) Kernel
Average Misorientation (KAM) map (KAMavg is the average KAM

value)
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PIAR AR ) -3 i 2, Hous B2 H J IR 93 BE (TYSD. #it
BB (UTS) FIEMZ (EL) B45TR 2. mEH/E
AZXVMBS0100 5 < 1 i Ak 32 J5E 5 % {6 2% 5 5] 3k 2]
257.4+4.1 MPa 5 14.9£0.8%, W& & T EEASRE. B
6bL!>- 18253 RN LY [ E R IE W (10~70 m/min) HFHBE
B E R S, WRF LA R, 5eEstk
1] Mg-Al-Zn-Mnl'*21 | Mg-Al-Ca-Mnl?!'22l, Mg-Zn-Ca-
Mn) | Mg-Zn-GdPY 25 ik & & L B A& & ML,
AZXVMBS0100 & < I AE J 11 B AREUIR, (H IR B 2552 .
SRR A B 7 () Mg-7Sn-1A1-1Znl153% Mg-5Bi-3Al (-
0.2Mn/-0.5Ca) U3143134 0 Mg_5Bi-2Al (-0.4Mn) [33361
Mg-5Bi-6AISISE S 8 /5 & GV BE G SAlLL, & Al =
K] AZXVM80100 & e AEA B ISR, 1 HEA
R ER R TR, AR 6 &R
AZXVMS0100 <5 ELAR 7 1 s % i L RE S R
U SR IR RE
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Fig.6 Mechanical properties of high-speed extruded AZXVM80100
alloy: (a) Typical tensile stress—strain curves of the as-extruded and
homogenized AZXVMS80100 alloys (b) Comparison of the TYS and
EL of Mg alloys extruded at 10~70 m/min [15:18-2531-42]

%2 BIASEHES AZXVMS0100 & &AL A ERE

Table 2 Tensile properties of homogenized and as-extruded

AZXVM80100 alloys
State TYS/ MPa UTS/ MPa EL/ %
Homogenized 126.548.2 219.348.6 5.4+1.2
As-extruded 257.444.1 377.1£5.9 14.9+0.8
3 it

3.1 BIEHFIE AZXVMB0100 & & BAIZm 1L H1 1R

WRIEE 6b Frnfiguitd R, BaSEUET 16.6
m/min FEEEFEM LS, HER RS @ 7E 20 pm F
85 um Z I8 . MMifE 32.4 m/min &3 B N % 1
AZXVMB0100 A 4 1P diht RT A 8.6 pm, 235 /)
T EHEFFE Mg-Zn &4 (d: 41.5~50.9 um, V: 18~60
m/min, T: 300°C) 232440, Mg Bi &4 (d: 15.7~45.3
um, V: 16.6~70m/min, T: 350~400°C) 8313751 Mg-
Sn &4 (d: 65.8~84.1 um, V: 18~27 m/min, T: 350°C)
01, —J51h, ARt AZXVMS0100 &4 BEA 51KE
4% Mg-0.53Zn-0.24Ca-0.27Mn % 42V [ 1) 5 i3 P
(300 °C) S5AHITIHT HEHEE (24~60 m/min), {(HIKA 4
Mg-0.53Zn-0.24Ca-0.27Mn & 410 2 2370 55 — HH 43 44
IR 1.3%, TiE& 4t AZXVMS0100 & 4 i 4L 47
A K E = AFRE Y ROR R 5S WARCK A B A (AlCa.
ALGd. AlsMns) Fiki. il 3f fros, #5055 AR



BT P4 i ) m S AL, B I iR T 2 A UKL AT BA Ry
AT IR R BT p, (RSN S SR e
W5, 3BT LAE I BH A &b SRS Bl AT X P45 o R Y

(R R 77 AR 2 R AR B, TR 2 e B
AZXVMB0100 4 4 1 4H/IN 25 5 dfoRE T B, X R 5
ERE ST & ZK60-1Ce &5 miEH & Mg-Bi 2454
USSISTh A #RiE . 1 —J7 1, ARBFFH AZXVMS80100
A4 B R IR B B Mg-Bil'$31371f1 Mg-Snt' YK 50~100 °C,
B IR B ) PR 2 S BRI B R A TR 1 2 Hh A e e 1Y)
I FRBY VIR SR, AT B 25 745 it o ARt 40 A=
K5455), 42 b, i AZXVMSB0100 & 4 4 ki 20
23 3 BEE T ROUZH 23 b v T AR 43 B AR 25 TEAOK 2%
B 5T 36— AH SR B 5% il B2 O B RIVE A, X mT A
NG R A 4 iR L S T P SR A X
3.2 @ oH

AWFFEH, AZXVMSE0100 & 42k sl B 16 N T )5

BB ERH RAT I E RS A& EE RS T4 1309
MPa, 8 s B o T 51 M 41 2R A0 mT DL 5 3Rt
MR B R B A R SR AL 32 AL A i S aRAL
DUUERRA . AR TREGRIA AL SR, TTE KR
TSRS RS S, AR R JE AR
FE (52 ma Al A BRUS2, il 5d FioR, miE B
AZXVMS80100 £ 4[] Kernel Average Misorientation

(KAM) E#RMETHRAMEEENREL, ik
AZXVMS0100 f1°F15 KAM {EHA N 0.15, E 2K T LA 40
m/min HER AZ31 Fl Mg-5Bi-6Al &4 KAM {E'8],
FPALEE R B TTRR P AR ASTE o b4t il 31 pow,

HFHEEER S, &4 FBE M NRTTE 0.4~6.8
wm 2 TE) R SR 4) A B BRI AR s kA, BT
AZXVMS0100 & & ¥R Hf AR TR A v 8 (~
4.67 s), FrHidFEH REGE = LE 1) BhAAT H AR I B R i)
HNER, X506 mEFESBRES &SI HR
RO FA—8G KL, HEBTEVAR AZXVMB0100 &
S 5HIES AZXVMS0100 & 42 I8 BT Ak A E %
AL T S ) R R AR A AR LA RS8O, (B 5 EVAS A
SMEL, WmEFEMNTE AZXVMS80100 &4 AA 5%

LR SR AL, IR R- AT G R, 5 a5l
AR JE RGREEG I (Agg,) ATRMER 712 (2) iH5:

Aoy, = k (dg™z — dy ™) )

Hrr, dgfdy, 7 AR5 RS 5 S SR W T
sk R~E, HAE 508 8.6 um 5 316.8 um, A=A
SR BT R B A SR AL LA 57 118283251601 55f -
HGEIRSE HEA SR AZXVME0100 &
4, k (Hall-Petch 2% HI{E 1] LLHL 380 MPa-um'2, 11
AT H S SR 5] RS iR FE S 24008 108.2 MPa,
29 5 AR R R ) 82.7%, TEH ERRIANIL R A
ERANFEFHEE. WA, BT mEFENTRRES
THIGIACVE R, BPES AZXVMSB0100 &4
WAL B K S (B 3E), IX BEBR RS AT R4 /N
J5 56 AR BURLTE G 47 T Jo 2 vt W DA E i BE RS A 11
BT —E R _ LT & SR R,

HAEENZ, FESSE4S AZXVMS80100 A4
ERBREBEERFR, EHAL 15%MEE LMK,
HmrE e s Taa R Em Lo RN &R K Mg-Mn-
Y (-Ce/Nd) M54, midif AZXVMS80100 4 4 I
S P 2 e R e 5 L A AR T B R S B0 A A A
IRAAT N E RO AR TENL R B VIR DG . S T B T 2R
, BAEMEEFE AZXVMS0100 A 4 hi iRk & 1)
AR T OM 4LZURINT O SEM JESRIEAT 200, i 7
Fir. fEHHNHET Y OM U (B 7a) Faf DA EEH)
b O 2 5 TR AL . Ak, 5 RTH (A 3d)
M, BRI TBRER, XRHAGEFE
AZXVMB0100 A & fER AT FE Rk A 1284 it —
#, MBFERS AZXVMS0100 &4 IS (& 7b-c)
W] DAULER B RS/ AR DS . R A/ B A
Sy, WHIHEDS AZXVMSE0100 & 478 i {48 2 1 4
RAT R A EEERY, X5 G 0 A mEE RS
Mg-5Bi-6A1 & 4 7% 30 3= B2 iR K@ 28 6 B4 A i)
FAEUSE AR, X5 AZXVMS0100 & 4 41/ i
LR 0 I 35 B 7 S R PR A — S

7 FEL AZXVMS0100 &4 M OHR 5W OES: (a) FIELS AZXVME0100 &4 Hiffikid oM AL, (b, o) FES
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Fig.7 Microstructure and fracture morphology of as-extruded AZXVMS80100 alloy: (a) OM image of tensile fracture specimen (b, ¢) SEM image

of fracture surface

NI EEETE AZXVMS0100 &4 Hi A8 1
ML, K F EBSD X4 fi 2] 8% 4% 1) % [k &
AZXVMB0100 & 4 il FE O H 2Rk A7 33— 25 73 it
FHRERWE 8 Fian, MR PAbRE H— & H =M
(10-12) HifdzZsdh. (10-11) R4z A (10-11) -
(10-12) XUZE iy, AHIX AR 1) df S 08N, 4300
214 6.64%, 7.40%, 8.74%, FHIAAEA: RFIED
AZXVMS0100 7728 [ B A T HLH 2 —, (=
AZXVMS80100 &4 2= A5 i i 3 A8 () RE 18N TR,

XEEHEWRM -6, WK 8b-c An,
AZXVMS80100 & 4= 1128 T 4H 23 F AR £ F5E 4 T 1) 0 3

N O6747% , Ut B AL AE W B AR B B R &
AZXVMBS0100 (i 338 7 e s £ FEH, X 56
W (E 7b-o) HREMPIEAH—. bz
T FEARLR SRR ) S B . Mg-5Bi-6A1 4 4x (EL:
11.9%; d: 27 um) Al Mg-5Bi-3A1 54 (EL: 9.2%;
d: 20.9 pm) FIRAAIEIEREH, AR AR SRR AR
e X SER, HB DS 3 2 il 52 A S
KAGFR A RRIS321, vl W, FEHEA AZXVMB0100 &
S 2 /I 9 P 5 O R T DL ) 28 A A 4 B A
g, HAEFEAEIERE, T A SRR ER
IPE,

2 <10°LAGB:6.19% <10°, LAGB=67.47%

o
N W
w o

=10°
HAGB:93.81%

40 <1-210>86°
TTB:6.64%

<1-210>56°
CTB:7.40% 5

D
wm O

Frequency/%

S

- <1-210>38°
. -STB:8.74%

0
0 10 20 30 40 50 60 70 80 90
Grain boundary misorientation angle/deg

Bl 8 Rifhi B4Ry %M 5 [EA AZXVMS0100 4 4] EBSD 4141: (a) 8%NiAE AZXVMS0100 &4 IPF ZH4: (b) 8%RiAF
AZXVMS80100 &4 BC Bl 5ARFZA G AL (o) A RIH 22 8 5 Ll 2 A 1]
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Microstructure and Mechanical Properties of High-speed Extruded Mg-8A1-0.4Zn-0.9Ca-
0.2Gd-0.2Mn Alloy
Meng Shuaiju'->?, Wang Menglu', Chen Jianfei!, Zhang Jianjun'?3, Yang Guirong', Bi Guangli'
(1 State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, School of Materials Science and Engineering, Lanzhou
University of Technology, Lanzhou 730050, China)
(2 Wenzhou Engineering Institute of Pump and Valve, Lanzhou University of Technology, Wenzhou 325000, China)
(3 Dongguan Eontec Co., Ltd., Dongguan 523662, China)

Abstract: Improving the extrusion speed of Mg alloys is crucial for expanding their applications. Here we show a novel heavily alloyed Mg-8Al-
0.4Zn-0.9Ca-0.2Gd-0.2Mn (AZXVM80100, wt.%) alloy having outstanding extrudability and good mechanical performance. It can be extruded at
a die exit speed of 32.4 m/min without any hot cracks. The excellent extrudability is mainly attributed to the dominant presence of Al.Ca, Al>Gd and
AlsMns phases with high thermal stability, which did not melt despite the substantial amount of deformation heat generated during the high-speed
(32.4 m/min) extrusion, avoidiing hot cracking. Meanwhile, these thermally stable Al2Ca, Al2Gd, and AlsMns phases exerted a remarkable refining
effect on the recrystallized grains. Besides, the as-extruded AZXVMS80100 alloy displays a fully dynamic recrystallized microstructure. It has a
typical basal texture and fine grains with an average grain size of 8.6+1.7 pm. Owing to the significant grain boundary strengthening, the as-extruded
AZXVMS80100 alloy demonstrates a high tensile yield strength of 257.4+4.1 MPa. Furthermore, the as-extruded AZXVMZ80100 alloy also exhibits
a high elongation of 14.9+£0.8%, which is dominantly coordinated by dislocation slip. The newly developed high speed extrudable AZXVM80100
alloy, containing large amounts of cheap elements (Al, Zn, Ca, Mn) and trace amounts of rare earth (Gd), has great potential in manufacturing
extrusion profiles because of its good strength-ductility synergy.

Key words: magnesium alloy; high-speed extrusion; microstructure; mechanical properties
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