# 28 B 8 M
Volume 28 Number 8

rERERERFR

The Chinese Journal of Nonferrous Metals

2018 4 8 H
August 2018

DOI: 10.19476/).ysxb.1004.0609.2018.08.06

& Mn RNXt Mg-6Zn-3Al1 $348 &

e[S SR HEERVE RIS nEA

ko2 Emag RN

ok, L g oA oz ?

(1. ZMEIT R At aesEltn L SHAHERESELRE, 220 730050;
2. ZMBETRY FO&BEE N THEWESLIR=, 2 730050)

O FAEE(OM). i HEL(SEM). X HHERATHU(XRD)YF 7T T Mg-6Zn-3Al-xMn(x%=0%, 0.1%, 0.3%, 0.5%,
JREAY D) & &M A H LU SR P T R R AR A LU A . SRR BEEAE SR Mg,
Mg,Zns Mg, Zn; Fl Mgsy(Al, Zn)g) AL . 700 Mn J&, Hrt T AlMn Rl AlgMns A1, HLBE Mn & & R9800, @k
R R, A% 580 CHERIRE 30 min 5, REBIAER MR BEYIE a-Mg FUh AL Z 7R IL R L =
YOIK LI T L) ap-Mg S8URL K 53 AT TEAT] AR S00RE (7] S 06 5 RN 3L SR AHZH AR . BEAS Min & 3000, [E ARSURL I F3)
P RAR R 7 256080 5 B iiass, AU piar b Bz s b . 24 Mn S B(RESE)N 0.1%K, AI3REIT
BABRR . 4I/NEEE . BI040 A R E AR . /E SRR AR FE b, IR BOR A T 9k o AU AR T SR A
Zn FO AL 5T R F-TE IR HH R R S37ES ER 2 0 A TORE 7E 43 13 R Bk A 3 8 b = A 340 1 B 2 R IR

KA Mg-6Zn-3A1 &4 Mn &i; SEAGHE; HLUEE; T4

YEHE: 1004-0609(2018)-08-1532-10

FEDES: TG146.2

SEAFRERS: A

o DIV N AP RER e E AR, HAR
WL ELEREE . mAREE . RAFIEGE RSN
EHAERE. MR, BB TR iE i 55 A
AHEE RN, Beh A2 H Al =R R F 5 1)
SGREMENH . BEr, MHRSTEZNESERZL
Mg-Al fl Mg-Zn NEAR T Mg-Al-Zn Al Mg-Zn-Zr —
JCE, W AZ31. AZ80. AZ91. ZK31 Il ZK60 &
&P X MG S i T B R G MRS AR R
MARE] 7 RH KRR, BIEZE R =R ) e BAE
ISR T S8 SRR G5 S, XEH sy Fid
G R ARSI AR R R R R I Y
iR T R MERIBELRS . A FiRIED, B E T LUE
B & TCR IR SE P AR I AL RN ZH A s, it
Mem ErERe. Fril, sl VEHT RS e a5
B2 FE AT R vl R C T AR Y
Mg-Zn-Al REEH ZA65 F1 ZAT2 7V, 1hAak, #HEL
TEGEIGE T, — SR R 7 12 R 8 oo U
by, ARG . AT D, 19 e 70 AR
L[ FRE FE T 2% FLEMINGS #3242 H A2 13 25 R
TEB A — PO BRI T L2, e[l o+

REEE T 1L G055 38 RS PR ROE 7 i iR &), &
I TREML, ARTRAEEEN R SEAE
PSR A, X ASLEL F A /) 7 B8 e AR L A FH 7
M. sbAh, B REEIGE AN AT TTLREIR
PR R I RIS R AR, W 21 e
B REB LRI, fERES B fET, W
TR AT KA 2 [ A5 AR R S A 4 2 [ S OB B AR 1
SERbASCHE. BAT, kAR AL T
DOIRY i PRI ek o) M o B SR P A O 8
i, SRR VLA RS TR I f 4, 7R
AR U A2 b S B [ A R R SR A 4,
KT, MAMRE, A=k, 287 K
FeH B SEDT B S b R ANk oL — Bl 207
. Mn MENBEAEFEHBMTGRZ —, bl
B hiEge, i ahi g s /15 R, SABRINA
SEUVIEESE T Mn B0 AZ31 FI AZ10 55 R B4 4 1%
PERE 57 MERE IR0, RIMBESE Mn &I, &
FLE WAk, A 4P dn 9 B 5 00 B A T AR .
STANFORD 25"t 5t & L, i & Mn I\ £ Mg-Zn-Al
HaHE, TERLAL-Mn ARBURL, A% 1 2 B T

HEEWME.: EFARRIFIEESTEINIH(51464032); 5 E SIERAT 7T & R TR 55 B 5 H (2010CB635106)

W HHE: 2017-07-03; f&iTHHEA: 2017-11-15

BIE1EE . MR, BI¥EZ, WL, Wif: 13609312769: E-mail: huangxf lut@163.com



2528 B 8 W W E, 4%

TR Min IR Mg-6Zn-3 A1 85 A 4 AR A T 41 2538 (1) 5 )

1533

ACIEIR AR, TR R R R . TR
9T T Mn TR 4l Mg-3A1 &4 i R~J RIS,
LEREY], MEETH Mn TRSENT 0.21%0,
A &R RS AR (22 Mn TR S ERT 021%
B, Mn 7GR AAE IS G 4 1 dfobn RO s 3K
KHAN 2P0 50 7 Mn & 86 55 RS BEE S 52,
SERREY, Mn PASINAIML T dbk, [FIRTEE S T AZ61
A& PUhi R A 5 Ay . Rk, TR ERT
Mn [HIE, W LSRRI Mn G955 SO b AL Sk .
Mk, ASCEE L Mg-Zn-Al &4 12 B A ST N
AIE, EEFIFRIHE Mg-6Zn-3A1(ZA63) & & H il
TIIAFEIR ) Mn, SR SR A 3570 A [ PR A 1
T Mn &EXT ZA63 G4 L A HER f H AR
IS . A, N Mg-Zn-Al B &A% TR
B ETURMIGE LR BIAS OB At s Bt 2 m L.

AW TR &R MR E LN 99.99%Mg. Zn
A Al BE & Mg-5%Mn H1[8] &8 RECE Mg-6Zn-3Al-
xMn &4, WitH 4 MEERS IR 1 iR, LRE
SIEIRIGEZ BRETAE 200 C. A& MIBIGAE
SG2-7.7kW FHA LA 5E . B Ik & e AR
B, FaI RE TR R RI-2 8 S5 7R Ar SR AT 47
Pro HELZ N AR Mg 5e5e X85 T 680 C
TN Zn F1 Al FRHEFETFE 760 CHIIA Mg-Mn &
& IR 30 mino Bl 5 AR BEFE 2 740 CHY, F%BH
W 2%( LI A A iR I B Y CoCl il AT
T IN BIE AR LU IRRRE . BR o R o8 Ja
S VAR THD PR SRV i L AR 10~15 min. B
FRIREERE R 720 CHPRHGEE T OMAE 210 Ch
4 B T B R AR P R (R 5

TE IR 8% B 10 A R) 47 B Ak T 2R DI 3R L d 15
mm X 15 mm [ EARERE, SEIR R ORI A2 W] 1

180

Bl BE. WEERSs iR S

01

Fiom o MRAE SCHER[21], KRB A E /E d 40
mmX30 mm G/, B S A B E IR R
580 C TRl 30 min, 1A F fri i [A] 5 B H A H IR
AT KR MR o A, SR AR ER R A T
WA AR RS, F RI-2 IBFIE SR . 865
PARER 5 IR PR IR GRS . KBS, Bt )E 53 )
K A% CBEFD 8% M FRIE R . FIF MeF-3
e BB R BB (SEM)MELE ) EDS M
AR AR U AR R X A 0. SR X ST 5T
{X(XRD, D/max—2400)73 #7144 P48, Cu
A, PR 10°~90°. FIA Image-Pro Plus 6.0 34
I3 HT [ A LR 2 . A0 AE AR R A TR IR
F FPPRSE Do WIAEFEFRRRL a-Mg 3 R~E D Al
TR F FP A 0

D=[>2(4;/m)"*1/N (1)
F=0_P/4n4;,)/ N (2)

e 4, RoR A REABURL I AR N R BARTRL
BHG P AR RS E RIS TRAR T F
T 1, R a-Mg RORLERIE 5 .

Fz1 ERAERS
Table 1 Chemical compositions of studied alloys

Alloy code Nominal composition (mass fraction, %)
1” Mg-6Zn-3Al
2" Mg-6Zn-3A1-0.1Mn
3" Mg-6Zn-3A1-0.3Mn
4" Mg-6Zn-3A1-0.5Mn
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N
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Fig. 1 Schematic diagram for permanent mould, ingot and dimension of experimental sample (unit: mm)
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Fig. 2 XRD patterns of as-cast Mg-6Zn-3Al-xMn alloys:
(a) Alloy 1%; (b) Alloy 2%; (c) Alloy 3%; (d) Alloy 4"
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Fig.3 Optical microstructures of as-cast Mg-6Zn-3Al-xMn alloys: (a) Alloy 1% (b) Alloy 2% (¢) Alloy 3*; (d) Alloy 4"
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Fig. 4 Non-dendritic microstructures of Mg-6Zn-3Al-xMn alloys treated at 580 “C for 30 min: Optical images of (a), (¢), (¢) and
(2)); SEM images of (b), (d), (f) and (h); (a), (b) Alloy 1 (c), (d) Alloy 2% (e), (f) Alloy 3 (), (h) Alloy 4°
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Table 2 Particle size, shape factor and liquid phase fraction of

alloys
Alloy Particle Shape Liquid phase
code size/um factor fraction/%
1 103 1.35 38
2" 98 121 32
3 121 1.53 21
4* 128 1.98 20
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Fig. 5 Non-dendritic microstructures of Mg-6Zn-3Al-xMn alloys treated at 580 “C for 30 min: (a) Alloy 1%; (b) Alloy 2% (¢) Alloy

3% (d) Alloy 4"
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Fig. 6 Non-dendritic microstructure and map

scanning results of Mg-6Zn-3A1-0.1Mn alloy
treated at 580 ‘C for 30 min: (a) SEM image;
(b) Mg; (c) Zn; (d) Al; (e) Mn
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Effect of minor Mn addition on non-dendritic microstructure
evolution of Mg-6Zn-3Al magnesium alloy

ZHANG Yu', HUANG Xiao-feng" %, GUO Feng', YANG Jian-chang', MA Ying"?, HAO Yuan'?

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;

2. Key Laboratory of Non-ferrous Metal Alloys and Processing, Ministry of Education,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The as-cast microstructure and non-dendritic microstructure evolution of Mg-6Zn-3Al alloys with varied Mn
content (0%, 0.1%, 0.3% and 0.5%, in mass fraction) under isothermal heat treatment process were investigated with an
OM, SEM and XRD, respectively. The results indicate that the as-cast Mn-free alloy is composed of a-Mg, Mg,Zn;,
Mg,Zn; and Mgs,(Al, Zn), phases. When the minor Mn is added to the based alloy after, resulting in the creation of
AlMn and AlgMns phases, meanwhile, the grains are gradually refined with the Mn content increasing. The alloys are
isothermally treated at 580 ‘C for 30 min, the obtained non-dendritic microstructures are comprised of primary a;-Mg
particles and a,-Mg particles existed in eutectic microstructures which form in secondary quenching solidification
process as well as eutectic phases with alveolate morphologies distributed between the primary solid particles. With the
increase of Mn content, the average size and shape factor of solid phase particles decrease first and then increase, the
volume fraction of liquid phase decreases continuously. When the content of Mn is 0.1%, the similarly spherical, finer
and roundness as well as uniform distribution solid phase particles are obtained. The solute diffusion and interfacial
tension play a leading role in the microstructural evolution during isothermal heat treatment. The component fluctuation
of Zn and Al solute atoms in liquid phase is an important reason for the generation of necking in the process of separation
and spheroidization of primary particles.

Key words: Mg-6Zn-3Al alloy; Mn addition; isothermal heat treatment; microstructural evolution; necking
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