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Abstract

The types and distribution of Al-Mn phases in semi-continuous casting AZ61 magnesium alloy has been investigated
in detail by microstructure observation, component analysis, and thermodynamic calculation. The results showed that
there were two types of compounds in the AZ61 alloy, AlgMns and Al;;Mn, The former existed as particles, and the
latter was formed as needle, angular particle and flower. The Al-Mn phase distributed mainly in the interdendritic
boundaries and few Al-Mn phases appeared in the a-Mg matrix. There were also a number of Al-Mn phases in the
Mg,,Al;; phase, which had been proved as AlgMns. In addition, based on the calculation of Planar lattice disregistry,
the mismatch of interface between Mg;Al}; (111) and AlgMn;s (111) was found to be only 1.21%, which suggested
that the AlgMns is highly effective as a nucleation site for Mg;;Al,,. However, the corresponding mismatch between
close packed planes between AlgMns and o-Mg matrix was found to be greater than 22.07%, indicating a poor
crystallographic matching between the two crystalline phases.
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FIFH R LUDMEL . Jo> W AT 12T S e SR a6 1) AZ61 BEA & Al-Mn AH [R5 434 HEAT
TV, G5 RRE: 18 AZ61 A& EEF/EMFIAE: AlgMns F1 Al Mny. AlgMns 32 LUEURCER 1)
AR, M Al Mng W VAR JUU B BURCR FITEIR S Z P SAAE . Al-Mn Ml EESMAER SR, £
Mg;Al, TR AlgMns FHIAEFE . S A& R AL BETH SIS R 7R, AR /2 MgpsAly, (1115
AlgMns(11D)TH, 8 1.21%, e Mg,Al, I—EEE R T RIEAZZ G, T AlsMns 5 o-Mg FIRIEEEEHE
T IV R PR T R B /N 22.07%, AlgMing ANFT RSN o-Mg FITE R O

Ktgig. AZ61 BiE 4 Al-MnAH: fASEERCEE: RBUE:

FEBR B SR s F o) Z 08 Mg-Al &, 8 T RS & i e r kg — e Mg-Al
RHEeT AR TCR[1-3], MBS AA P A B B Al-Mn H. i FAE Mn &8 Al-Mn
MEAANFE AR, BTl Al-Mn 8100285 B4 5 B e M S VETEREAI 55 [4-6]. TR T & &
Hf) Al-Mn A0SR 8 2 00T . AHDGHRIE[7-16]FR IHTE Mg-Al REEHEHBRE R, AFHAE
A Al-Mn #H, A AlgMns. Al;Mng. AMn. AlMn. AlMn %25 Al-Mn #H, FIRRA IR
FURDIR . FUWHUIR . EHIREE . ER KT Al-Mn Al BIZEBL BTt B2 (K TR SE AN TE 2

FAT, KEFTFUEET Al-Mn ADXEEE S RN T, TXT Al-Mn A HARAH
(RIS 7 T B BTE TOIRAR > o A SCSE I R ILAE Mgys Al ORI AlgMns BUAA(E, X —BLRAE
HA SCHR IR AR AR K, N T REIX IS, ASCRA Themo-cacl XS AZ61 itk id et T 1
BRI, G RERE T AZ61 FIELEEEET Al-Mn AHIIFP SRS EREAT 750 JRHET
AlgMn55 Mg17A112 ) Alng’l55 (X-Mg, Allleli Mg17A1|2 ‘ZI‘ETJ E‘J%ﬂ‘%?ﬁ@a)ﬁ, @T%T Alng’l5 {’Ey\j
Mgy7 Al B O 2 -

1. KRR R 7%
# 1 RIS

Table 1. the chemical analyses of the cast alloys

Analyzed composition (mass fraction / %)

Alloy
Zn  Mn Mg Fe Cu Ni Si

AZ61 638 1.06 034 Bal. 0.0031 0.0084 0.0008 0.065

SIS TR RER R AZ61 B 4 BB B G 4T . &4 S2Pr i F ] XRE-1800 Y X H£ko¢
FEAE ST (XRF) 087, Frill & &AL 22mior Wk 1. #4588 @130x200mm i 358 AT
AR BOARE ST WA AR e B AEE, RS N 10x10x10mm. &E&%SRMALSHE .
BEL 6. JEER Olympus BHM £ AH BB (OM) HEATII%E, JEIRFIR S RER 1.5g+ 8%
25ml+ 48 Sml+Z&1E/K 10ml. & & WEE 2N 400°C X 24h, BUREAL B 5 2 i AL PR 5 45 245 1A
[ 24T ARG WS AH IR TSN 48 A R 2800k F ESCAN VEGA 1T LMU 54T 22 494 Fi 1 B4
B BSE HCLIHTMES, TAEHE 20KV, REEES SRR GER (EDS) 44T, FE
AR RS . K5 S . Pot, ~PATAHEI R SR A 42 Thermo-Cale #1F

2. KRR
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2.1. #& AZ61 HEE 7 Al-Mn #HI 5077

1 AZ61 B & R ULH: (a,c)iLil;(b,d) Ll

Fig. 1. Morphology of AZ61 Magnesium alloy (a,c) surface; (b,d) center

Kl la~b 2 AZ61 BiAE&HIRGESHLWEIM, R EKETRN Mg,Al, L@, Btn
Al-Mn #, HEESANLILEE o-Mg BlEK. EHBEEILE Mg,Al, JEEM R SF B R, I
BT WAR(E 1a). MOER(E 1)1 Mg,Al, SEE AT SIS0/, 848 AZ61 1 Mg,Aly, 25
i FHEgEL, MW la~b AT LLE H Al-Mn AH— B0 A TA SRR, 1RADF Al-Mn AL T &6 AH
o-Mg bo fERIIBKAEECT, i 1b~c Fian, 7ILLE LR 216 40/ SRR Al-Mn A0 A7 T
LA Mg Al 2, BAREALG I Mg Aly, e AT S B T E R, (HR7E A0 ER T
Mg, ;AL L F AR #E Al-Mn A3, % Al-Mn AHZ 5 20T A AlgMns .

2.2. B F i EH

KH] Themo-cacl #AFHH5 T Mg-6Al-1Zn-Mn & 4 8 865 (AT A, W&l 2a s, &
TI AT Mo SN 0.34%, MEITRTLES, MNE64 1 BREZEA B 5HAERAAZCH 1
S, SR Mo GRS Al TTERG S RAENFRBA K AlgMns. 7E4 LA Hd R,
AlgMns FECEABI L, BARSEARBIRD . SIEERCE S 2 B, FFEMBAHR S R a-Mg
M, ISR T AR SE S N AE B AlMins 5 FE B 25 60 3 B, i AR AlgMIng [ 45, 727
K o-Mg MEEAWINZ, BEHEREZERFIC AlMns AN Al M. & E4k580045
b, MR E A 4 WA E SO E R, AlgMns B 5E A AR Al My, [ 44 b H7ELE
AlyMn, 5 o-Mg Pikl. 3R FEES] S 5 1AL Mn, B2 E R Al Mn, BEE IR kSR, i
FIE B o-Mg AT H IR A AH MgrAly,, B4 A &1 FET A ZUN: o-Mg+ALMn+tMg, ;AL .
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2 (a) Mg-6Al-1Zn-Mn £ 4 & B0 X~ 40 ;. (b)Scheil 15 84 =T i 401 1]

Fig. 2. (a) Mg-rich part vertical section of Mg-6Al-1Zn-Mn alloy equilibrium phase diagram; (b)Scheil solidification simulation for
Mg-6Al-1Zn-Mn alloy

TSR P A b — O AR, AN AT REIABIFA 2P, 18] 2b 42 F Thermo-Cacl ¥ f
THE Scheil B84 N JE-Pir st [ ], 7EF] 2b i SR AU RE S P EDIRAS R I BEE £, TS A
ST h 2, RT DL NS e d At Ok I, AEREE S R 400°C oA D B AR AR,
360°C IS APk S Sifs 1k . 7E 437°CHY, FEBIAT T T Mg, Aly, Bt IR RER 72 4l T
Al TCE W AT R B A b R AR T 3R SR A B T S AR A MgsAlyp . I AR BRI S R o O R R
Al;Mny 1] Al,Mn RAEAR, SEHITE PO EEE R, Al Mn, C&RA KA, 25 LTk, 64
P e 42N Al Mng+Mgy,Al+o-Mg.

2.3. Al-Mn FHHIFESRFIZER

3 AR AZ61 A & IHEBFICE Al-Mn AH BT SR ()i 5 (b) Lo B

Fig. 3. The Al-Mn phase morphology in the as-solution AZ61 Magnesium alloy (a) surface; (b) center

3 T AZ61 BRI R S TEIL FRLL P ALMn ATES . [BRA S 556 Al-Mn AHI/E
Fere AR S FTE SO R AR M . AT I, £ AZ6l BEi&h Al-Mn [IESE: 24
IR FEIR. AAKBUR, BURR . +50K. AFRTRI Al-Mn AHE 85 2 A (K67 B L%
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5, FEIRPI Al-Mn AH 3 ZH BL0ER (B 3b).

F 2 NEVES T RAREE SRR Al-Mn M T R4, BT R EES Mg,Al, &
SR EREAR YT, TR AERY A . BT EE R RS I 2 R E R H L E AR R T RS
B, NTHE Al-Mn AP AlS Mn R F LG, ROz Mg 5 AR T H b, AZ61
S AT IR EEMBE G RSB HIRET Mg 5 Al KR TFESEKRAHN 17.61:1. FIH
X FNER Al-Mn HHFT 221 Al R 7305 Al-Mn A9 AlS Mn BE-FENTF #FR. RYE E
0 P AF B 3 AT 0 AE SRR b AT BETEAE () Al-Mn A Al Mny AT AlgMns B R 51, SR 5 AR 48
Al Mny 1 AlgMns FF i) Al. Mn JE-7HE 53R R Tl Al-Mn A1) Al. Mn A1 R 7 5 20 LA ER B, AT
DLRf o BORDIR Y AL-Mn A58 AlgMns, &F4R. 18R, FEIHRR 9 Al Mny.

% 2 Al-Mn AR SRS

Table 2. Chemical composition of Al-Mn particles

Analyzed composition (atomic fraction / %)

Shape
Al Mn Mg Al/Mn
angular 40 4 19.00 8.72 253
blocky
Flowers  37.48 12.68 39.19 278
Needles  45.85 14.57 21.13 3.06
Particle  35.48 20.50 11.27 1.70

3. it

B A 34 TR A% e T B /N B T A A 5 45 AR 2 TRD PR ST R, T e R A v S T
LR ZK[17]. A SCHRYE Bramfitt $& H 1) 4 SRS BCRE @ 2 AlgMns E N Mg, Al FEAZAZ O
B, Y S PR R E SCN[17]:

3
6'((,121)); = Z[(Ld(uvw); cosf —d(uvw)’n J/d(uvw); )/3} -100% ()
i=1

X (hkl)s AFEERA—AMEIEEE: [uvw]s J9dnTH(hkl)s _ER—MEIEEOT ) (hk)n %5
SR BB —/MEFEEUHE ; [uvw]n A STE (hkDn B —/MEFEECT B dluvw]s A [uvw]s J7 18] B J5
FIAEE;  dluvw]n A9 Tuvw]n J7 [ 1R 7 (B #E;0 J9[uvw]s Hluvwln Z A .

Brafitt I\ A §<6%1IH% OB N R 8=6%~12% K% O 2B 3L, T 8>12% M 0 T8 5
HEIRRW(ER 3), MgrAly, FHEHE(111)7E AlgMns 76 (111 2 18] R4S B s, AN 1.21%. 363
AlsMns 52 A AT REAE N Mgq Al IS B Mgs Al I HFE (1100 5 AlgMns [RITHI(110)2 [8] )
RPBEESTCEE N 6.11%, T 6%%2] 12% 8], WA 0] ekt 24 R 5 IUEAZAER .« 11 AlgMns K35
FEHH S o-Mg IRFEECEHEM 2 (A1 55 FRES BC B i /N 22.07%, KT 12%, P 2 [ A AT
FEIR K, S AlgMns 5 o-Mg P92 0 FLm A BOER:, 75 B0 2 (PR EO A4, ik R aEE.
X5 R[] 5 tH AlgMns A 0] BEAFE 4 5 5 T A% A% 0 gl Ak S R B S5 AH A . T ALy Mny 5
Mg, Al S (8] A IO BE /N 13.61%, =T 12%. PIFE AL, AlMns 5 Mg ,Aly, 51 2 (8]
(ESTCEEBE /N, PR 2 AR A T I RE SRR, FTEL AlgMns 1E 9 MgpsAly, FITE AL O RA 3. A
FEAETC B IR SAH I AT B B VIR R . AZ61 BEE/E Rt I AR TR et AlsMns /R IE R SiRE
ERACHIEN [18],  AlgMns 5 o-Mg 2[RI s BEES L R, fEE IR o-Mg W FE T, a-Mg 23t
AlMns F i FHAAHERR . BN S BRES C PR OR, Ak 55 A0 2 [R] 32 Ao 1 9 THI 1) bL 3R T A Rl by,
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H- AlgMns 53R LA RS0 7= EAR R SRS, FrUABICR G Re & MEZEIE AlgMns
DHEHEFR R o-Mg BB S, AR B AER S . B A A I AR R R BRI, R R R
AlgMns BURLE LI, A/ AlgMns SRA KHEH # SOR A K o-Mg 002570 R i B 0 X 4k
MHT AlgMns 5 Mg,Al, Z A FEEERER /N, AlMns BEWE1E N Mg, Al BITEZZ G, BRI
Mg Al BT T Re R, (23 Mg,Al, B . (H2& AlMns BERTES TRAT X, IXFEADURGE
ik Mg Al AHEAEOERAE — B ENER, FrUBFRR AlgMns FHA AL Mgi,Aly, FIfE
H.

3 Yk PR S AR

Table 3. The results of the planar lattice disregistry calculation

(110)Mgl7A112//(110)AI8Mn5  (111)Mgl7AII2/(111)AISMnS  (001)Mg17A112//(001)AI8Mn5

[uvw]Mgl 7AI12 [001] [1-11]  [1-10] [1-10]  [10-1] [2-1-1] _ [100] [110] [010]
[uvw]AI8Mn5 [001] [1-11]  [1-10] [1-10] [10-1]  [2-1-1]  [100] [110] [010]
duvwMgl7AII2  10.549 3209 9679 4429 4729 7814  10.549 14919  10.549
d[uvw]AI8Mn5 9.012 342 9969 4453 4772 799 9012 8210 6413
0 21,19 1.02 2.59 0 0 0 0 244 0
5 6.11 121 54.40
(001)Mg//(001)AI8Mn5 (001)Mg//(110)AI8Mn5 (001)Mg//(111)AI8Mn5

[avwIMg [12-10]  [1-100]  [2110]  [12-10]  [1-100]  [2110] _ [010]  [1-10] _ [100]
[uvw]AI8Mn5 [010] [1-10] [100] [1-11] [1-10] [001] [1-10]  [10-1]  [2-1-1]
d[uvw]Me 3234 1867 323 323 1867 323 3234 3753 3234
duvw]AI8MnS 2599 2776 2599 3420 2776 2599 4453 4772 7.990
0 13541 15000 46459 51306 28045 22119 1142 31142 23.179

5 23.42 22,07 41.06

(001)Mgl 7A112//21-1)Al1 1Mn4 a 101)?;[1%11 17 1/?\}1111%4// (©- a 11)?;[1%11 17 3}[11124// ©-

[uvwlMgl7Al12  [010] [100] [110] [001]  [1-10]  [1-11] [1-10] [10-1]  [2-1-1]
[uvw]AI8MnS [011] [102]  [120]  [ou]  [i11]  [100] [011] (1] [100]
duvwMgl7AII2 10549 10549 14919 10549 9679 5927 10629  10.190 7814
dluvw]AI8MnS 10265 10455 19707 10265 9921 5095 10265 9921 5095
0 25628 19372 19603 16936 43520 3821 11672 19153 12332

5 13.61 15.67 18.09

4. 25

1. 7£ AZ61 Baa, AlgMns T 252 DUBRDIR KR SAFAE, 10 Al Mny BUERIR B8 I0 FBUREIR
PAKACIREE Z MBS A . IR LA FZ MR I S . £ Mg,Al, ORI Al-Mn #HE
IIE;% Alng’l5o

2. %E AlgMn55 Mg|7A112\ A1]1M1’145 Mg]7A112 U\& Alng’l5 5 (I-Mg Z[‘ETJ ’ %@ﬂgﬂ%d‘m%
Mg, Al FHEH (111) 5 AlgMns(111)1fi, N 1.21%, FERPIE IR e R 5K, i,
AlgMns %Eﬂ%jﬂ Mg17A112T%Tﬁﬁ&ﬁﬁ,‘]j%fﬁﬁﬁ*ZTZ‘Do T'f: A111Mn45 MgnAl]z ‘Z[‘Eﬂ E@H%l*%llﬁﬁag
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KT 12%, Kk, Al Mn, RAHERCH Mg,,Al, TERAZ G . T AlgMns 5 a-Mg FE$E 505 HE
T2 18] 1) A B AR I Bt /NN 22.07%,  AlgMins AR AT BE N a-Mg IITEAZAZ 0> o
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