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Abstract: Mg-5Mn ( -5AD) master alloy ingots were prepared through alloying methods of electrolytic manganese
flakes and MnCl, powder. The influence of alloying methods, alloying time, and MnCl, addition on Mn content and
microstructure of Mg-Mn alloy were analyzed. The results indicate that Mn content in the melt after stirring at 800 “C
for 100 min reach 1.54% with a yield of 27% when preparing Mg-5Mn-5A1 by electrolytic manganese sheets, and
large amounts of un-melted Mn particles exist at the bottom of melt. With MnCl, powder for alloying, there exists a
flux enrichment zone at the bottom of ingot, and single metal zone exists at the top. When adding MnCl, with Mn burn-
ing loss rate of 30% , Mn content in the melt is 4.46% after stirring at 800 °C for 60 min. When MnCl, addition is
greatly increased with Mn burning loss rate of 75% , Mn content in the melt is little increased under identical alloying
process, which is only 4.35%. The reason is that displacement reaction is inhibited with Mn content in the melt reach-
ing the maximum solubility of 4.2% at 800 °C. During the solidification process, the severe settlement of Al-Mn phase
and primary «-Mn is responsible for Mn loss.
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Tab.l1 Key alloying parameters of Mg-5Mn(-5A1) master alloys

W5 5 P 1 3 Mn & 477 W/ kg G AR/ C A AN /min BEERAE/C O BHEALE
1 Mg-5Mn-5A1 HL A T 0.28 40 800 P B JEE
2 Mg-5Mn-5Al HL A 0.28 100 800 5 B I
3 Mg-5Mn-5A1 MnCl, 0.8 800 13 800 5 B I
4 Mg-5Mn MnCl, 0.8 60 790 BT
5 Mg-5Mn MnCl, 1.5 60 750 5 B IO
AR THUFE VS AIBCRE #8 1aURE 23 0l 2R A7 Ak 2 1l 23 I3 Lo W _
900, 100 - 1
T ISSO! T T LI .5
A1 TEOL JSM-7900F $9 #ff  § (SEMD L5, xF 41 41 o L s wl ="
Y AL-Mn AT HEFF SEM-X 822 fig 3t (EDS) 43 7, 1 2% ST DG e el S
N /V D v 5 6001-a-Mg b
43 0 38 SR P P RS 4 B TR DR T & O (1CP- %1 ) angarn o Sl
AES) J7#: . Thermal-Cale J7iZ I F 4 84 Ty 2431 400l % 20}
4
3 P D by 3, ) — 3 ]
SRR L, A L 5 A Thermal-Cale K 4 3 17 30:2" L S o el 1
g o REEIC

Mg-5Mn-5A1 Mk 0~1 000 ‘CHIAH T . 4 MR BEK
K H 240.500.,1 000.,2 000 Fi15 000 5 RS 4CFT B% SR J&
H PG-2 B4 AL AT MUK I Y | 2l i 2 1 ot 52 E
B RIR , B B0R 4 % BB IR T K T 085 b, Bt s FH
Carl Zeiss 200MAT BU 2% 1 Gl AT 4 AHZH S 42
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1000 CREML 2 707 Ck b, RAFFE WA iR AR T
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FH PR B A3 B0, W R AR R 3 B RN T B 5 22 T B
Ik 2 634 “CHT, a-Mg [& 7 A AH I 45 A1 |, [7] B 980 A 14 R
O3 R a5 24 I R R 2R 606 CINF, YR AR % |, i 1t
FREE SR, Bk [ [X 6] 58 FE My 28 °C, LA £ o ALMin, i 4K
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(a) Mg-Mn e & 441 E (b) Mg-5AI-SMnif & - H {4 FH 53 %

Mg-Mn =5t 48 B #= Thermal-calc # #4313 45 Mg-5Mn-
SALE JE - AR A 5 H B
Fig.1 Mg-Mn binary phase diagram and temperature-phase vol-

A1

ume fraction diagram of Mg-5Mn-5A1 calculated by Thermal-calc

software
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Tab.2 Mn content of ingot 1~5 on the top and bottom and sam -

pler specimens %
o o Wy

e i 5 TUREA B i N
1 HRUFE 2% -40 min G 1A JREHR) 1.14 5.17
2 IURE 2% -100 min (B 1A S 6) 1.54 4.82
2 5 5E TR 0.38 4.31
2 i 2.20 4.86
3 5 i T 0.48 4.08
3 5 BE B 21.70 8.88
4 URE 2% -60min (4 146 38 4.46 -
4 B 4E THR 2.44 -
4 B HE ISR 2.48 -
5 HURE % -60 min (A THHR) 4.35 -
5 5 BE TR 2.26 -
5 5 BE I 2.40 -
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A e it A K, Mn % & 1.14% #2712 1.54% , i
M F BI85 5% , 31X 2 B HL R 46 7 7E 800 “CHE M 1A v
Vs i AT HIGHE AR F AR, A 446 100 min 9 Mn Y45 %
LR 27 % , R, 8 3k 40 4 J s il R iy o S R
Mn (& A 7E Tl A Al AT M5 25 o BE 5 MR B [
A F 800 °C g AN IR B B VR, 1M HL 4375 ok S AL e 46 ™
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1.54% , 1M1 5 B€ BB B9 Mn & 1 5 2.20% , = T°F- 3 Mn
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0 R% S5 ™ 5, PO Minc 5 2 SR AIC, R 4R JIC 3 170 58 [ o
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Fig.2 Sedimentation of unmelted electrolytic manganese at bot-

tom of ingot 1 and 2
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Fig.3 Internal structure, chemical composition and microstruc-

(c) S5 ¥4k

ture sampling positions of ingot 3, 4 and 5

] 42k 3~5 5 85 B2 1 BURE 25 R PO RR S, b 3
5B B IORE SR RE I 800 “CHE IR R IS 2 , 4 545 52 i
H 790 “CHIE R B IR JZ X I ) 6 4R X, 545 5 e BURE
FHRBER A 750 Ol R L2 W — & B IX . 3%
5 5E A 44k 13 min Ji , RS 25 0B 30 1 A7 7 R 0
FLIRA ;4 5 %558 A 4 4k 30 min 5, BURE S5l RE 10 BT 1 JL
RO o e I NI B A 3 1| D e o AR ST B 1 N
1 h 5 BURE 25 RE 1 B T LT B AR BE R, 28 4R
ZEHE K, R Mg-Mn — Itk &b, & 44k 30 min 9 &
o ;AN FEAY , SH R T LA B K1 MinC LA 7)o 2
HURE AR D A v, 4 0 R TG 1 i N IBORE 43 | 1
FEER N K20 AR 5 & b 1 how o7 i) 8 46 J2 1 4k
FE4r, L) MgCL 2R 5 5 4 Ja s 1R 43 8, il 1 h BORE
AR ) b S A AE PR AT LA RO . X T Mg
5Mn-5A1 =J0ik & , & 4L 13 min i B2 N B 458N
FE4T T LUBORE & o R ER 43 R B IR, R Alfg

B4 3~55#HRPRHASAFNRRS

Fig.4 Internal structure of sampler specimens for ingot 3,4 and 5
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Mn & 5, A 5 4.46% , R W 790 “ClE 4R o 1) Mn %
WK #] 4.46% , 0 . — 4 J8 20 Mn & & L F 25K
K, TH N 2.44% , JK K 2.48% , *F ¥ Mn 7 & Ny
2.46% , Al H 4% 30 Mn 78 Mg Y S5 K 8 3% B G AR T
790 “CHEAR I Mn & 48 4.46% , 78 & AR DU A0 2 T
FHFAT ) — K o-Mn Ok . MR 4 Mg-Mn ZJCHH &,
TE 790 “C, Mn 7E Mg # 1 v i [ 35 B2 4230 4% , 5 [ 3ok
o i 5 B A, Min 7 6 e AR o A0 38 0 B85 /D, A
H— WK a-Mn Bk . — K a-Mn BURL B T4 78 20 74 15 7]
TE R I5 X ] (800~653 “C) & A= ML , B LA & A= ™ 1T
R, i il 2R — 4 JE X P Min 35 £ BB IR 22 60 A S T
653 ‘CHF Mn 7 Mg " () [ EE . 545 %5 %€ 19 MnCLEs
TR, RO 1 h 5, 750 “CH A T0 3 i Min & &+ 35 2
4.35% , Mn 7 5 I A KR HE I, 156 W) & 46 B2 vy 32 #1411
il TC Ak S 1 A AT o [RIRE T O AR v R A —
K o -Mn R0 15 B 55 85 BE P — 4 8 X N Min &
WAL BRI E 2.4% , E 45 8 — & B X Mn &
o — W a-Mn UKL 4 1T R ) 812 i B Min 156 119 3= 22
JEP, H T e S N 32 B Min 78 B 4 A b s i R g
il , A3 K MnCL 7 il it I A REEE T+ Mn & 4t .
2.3 SHERNEBALST

VEBE 25 5 B URE 25 10RE DL B2 355 85 B h 3 (L 1
3 AE AT XRD M, WLIEI 5. AT UWLER Mg Fil Mg, Al,
A i A 5F AL-Mn A, 230990 o AIMn Al Mn,, JALMn
AlMn; 1 AlMn A, A 5 0 5= 22 48 rp 7 35°~45° 2
6], Horh ALMn  AlMn; #1 Al,Mn 28 3 F 140 5 XRD

Mg A,
* AlMn
= Al Mn,,
o Al,Mn
*Al,Mn;
« AlMn

CPS

I L i L 1
20 30 40 60 70 80

50
20/C°)
A5 25 B & X AA 35 40 F XA 49 XRD B #%

Fig.5 XRD patterns of sampler specimens and middle specimen

from ingot 3
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KRGS o BT BURE R A 2 R 15 g(CE RS
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KR Al-Mn . & 6d %R A 55 Fr Mn & &8 1.14%,
Bl 6 %5 B (14 52 BR Mn % 54 1.54% . PENG L ™R
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T B Al-Mn ( -Fe) 4 J& Al 1k & ¥ 35 ~F 5 25 40 21
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BRI K 0 . SN2 AL-Mn A B S BB T O
B2-Al(Mn, Fe) T2, B 2 15 1A 18 5 328 7 B AIC, S
RUAE R B2-AlMn, Fe) I RF /B IS 2 ET B
AR A R A A PR R SR A BROTR R T B ST I

PR S - s Jo— #HIR '
= Gy -1 . Ly .
e . N 4 A x,
CER o ¢ <! Y 3
./\/ 7 -.’ - - /\/ 3 T [ = .‘.—
ety DU w. A
e -{’ SO 0 pm 5 50 um
(a) 10 min (b) 20 min
@Lr. O / r a ;r a, TV
o, Y B YA
l I | . Wl Py ‘o L v et b
o g \»-O hpr = S g *‘k
LA ;}"‘féﬂx; e |
» o e L A A P T =
N 5 . Fa . b ~
: . : 3 ., / ~ S S :°".>.: »
LR R 3
4 - B AR S NPEER ||
Wi . - "s‘:/'v AN
= ~ : ol _1‘ P O L o -
A "o war . oG s 3TN IR
5 . "% e 50 pm g S S b ) 5 50 pm
(c) 30 min (d) 40 min
. 1 oL C e N
a o : '\yw\ ! |
. : [ s |
N rian U f-.
v -~ : > . . L |
Py =140 ‘ ; .‘ Loy 8 B DY v IrEERR |
: ]*ﬁéxff\#‘k' b 4743\_* | - % o S|
> . - . R
- N . e A vt £ v 750 um
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B6 1%5H25 4% KR Mné 2400 B4 5 X2
Fig.6 Metallographic structure of sampler specimens of ingot 1

and 2 for different Mn alloying durations



BRGNS T 25

KET

AR IV A 0 /N T R e 2438 1 B2-A1(Mn, Fe)
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Fig.7 Metallographic structure of ingot 2 at different regions
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Fig.8 SEM image and EDS test points of sampler specimens of

ingot 1 after alloying for 40 min
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Tab.3 EDS results for different phases in Fig.8

U i T/ %

Mg Al Mn Fe
P, a-Mg 97.40 227 0.33  0.00
P, £ Al-Mn 4 13.23  30.03 56.68  0.06
P, A2 bR Al-Mn Al 15.80  30.67 54.44  0.09
P, Mg, Al 71.39 2843  0.16  0.02
Py BOR Al-Mn 41 12.20  29.60 58.08  0.13
Py KBk Al-Mn A 1.58  24.10 73.27 1.05
P, a-Mg 96.81 295 019  0.05
P, Mg, Al 77.25 22.56  0.18  0.00
P, EPIR Al-Mn 23.59 27.28 49.00  0.12
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Fig.9 Metallographic structure of sampler specimens of ingot 3 after alloying for 13 min
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Fig.10 Metallographic structure of ingot 3 at the top and bottom
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Fig.11 Metallographic structure of sampler specimens of ingot 4 and 5
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Fig.12 Metallographic structure of ingot 4 and 5 at the top and bottom
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Fig.13 SEM images of commercial Mg-3.5Mn alloy and the top, bottom and sampler specimens of ingot 4
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