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Study on Refining of Mg-6Al Alloy by Mg-7Sm-4Al Refiner

GUO Er4un  ZHANG Zhi  FENG Yi<heng ~ WANG Liping
( School of Materials Science and Engineering Harbin University of Science and Technology Harbin 150040 China)

Abstract: The Mg-7Sm-4 Al refiner was prepared by adding Al and Sm elements to pure Mg and the refining
effect of the refiner on Mg-6 Al alloy was studied. The comparative experiment was designed to directly add the same
amount of Al and Sm. The effects of these two addition methods on the grain size of Mg-6Al alloy were discussed.
The results showed that the addition of the Mg7Sm-4 Al refiner can refine the Mg-6Al alloy very well. When the
addition amount of the Mg-7Sm-4 Al was 36. 4% the average grain size of the Mg-6Al alloy was refined from the
original 126. 12 pum to 75. 68 pm. The refiner mechanism was that the undissolved Al,Sm particles in the Mg-7Sm-—
4 Al alloy act as a heterogeneous nucleation soluble Al and Sm elements cause solute effects and the two reasons
together make the alloy refine. From the comparative experiment results of directly adding Al and Sm it can be
concluded that adding 0. 64% Sm could coarsen the grain of Mg-6Al alloy due to Sm element removed oxide
impurities  and took away the oxygen-rich heterogeneous in Mg-Al alloy thus reducing the nucleation rate. When
the addition amount of Sm reaches 2. 55% the alloy is refined because Sm and Al formed Al,Sm particles with
heterogeneous nucleation ability.

Keywords: Mg-7Sm-4 Al refiner; Mg-6Al alloy; grain refinement; grain coarsening

12019 -03 -03

: ( E2018045) .
(1991—) ;
(1978—) .
(1963—) E-mail: guoerjun@ 126. com.



120 25
740°C Mg Al
0 Mg Al RJ2
Mg-30% Sm o 740°C
15 min 2 min 10 min
N N N 200°C
: o ®60 mm x 120 mm.
N 1.2
N N o Mg7Sm-4Al Mg-6Al
1 0 Mg Sm-
o Hall-Petch 2 4A1 Sm Al
‘o 2 .
E2EM > Mg Al 740°C Mg~
o Qiu ' Mg40% 7Sm-4Al 740°C 10 min
Y 0.6~1.0% Al 2 min 200°C
ALY - Dai " Mg- . Mg7Sm-4Al
10Gd 0.8~1.3% Al Mg Al 740°C
Al,Gd Mg-30% Sm 740°C
Al Gd o Dai ° 10 min 2 min 200°C
0.6~1.0% Al Mg40Gd3Y o
187 wm 25 pm 1 Mg-7Sm-4Al Mg-6Al
Al,Gd (wt. %)
AlL(Gdy5Y, 5) Tab.1 Composition design of Mg-6Al refining experiment
o Wang 10 Al Mg-Sm by adding Mg-7Sm-4Al refiner
Al Number Mg/%  Al/%  MgISm<4Al/%  (Al+Sm) /%
Al,Sm 1# 849 6 9.1 1
Mg-Al-Sm 7.3 6 2.7 2.5
Al,Sm . #5166 36.4 4
Al,Sm
3 ~7 pmo 2 Al Sm  Mg-6Al (wt. %)
Tab.2 Composition design of Mg-6Al refinement
R experiment by adding Al and Sm
Mg Al Sm Al, Number ~ Mg6Al/%  Al/% Sm/% (Al+Sm) /%
Sm o Mg-6Al 44 99 0.36 0. 64 1
Al Sm  Mg-6Al 5# 97.5 0.91 1.59 2.5
o# 96 1.45 2.55 4
Mg-Al o
1.3
1 (10 mL N
6g 8mlL .70 mL ) o OLMPUS-
1.1 Mg7Sm4Al GX71

Mg-7Sm-4Al
Mg( Mg=99.8%) . Al( Al=99.8%)
Mg-30% Sm o
200°C o

FEI sirion 2000

SEM o



6 : Mg-7Sm-4Al Mg-6Al 121
X’ pert PRO X 25
8°/min 15° ~85°, N R
‘% 20} N\
=]
2 / \
2.1 MgTSm4Al . : 10} / \
1 Mg7Sm-4Al =
i 3T ./'/ \'\
0 N
2 4 6 8 10 12 14
XRD 2 Particle size/um
a-Mg Al, Sm Al Smy . 3 MgISm4Al ALSm
Wang " Mg-Sm Fig. 3 Size distribution of Al,Sm particles
Al Al,Sm in Mg-7Sm-4Al alloy
Al Sm,; o 3 Mg7Sm-4Al Al,Sm
Al,Sm °
7.70 pm 5~10 pm o o Al +
Sm 1%  Mg-6Al
126. 12 pm 90. 09 pm
2.5% 85.99 um
4% 75. 68 pms
Al Sm
Al + Sm
1% Mg-6Al
126. 12 pum 210.21 pm 2.5%
157. 66 pm
1 Mg7Sm-4Al Mg-6Al
Fig. 1 As-cast microstructure scan of Mg7Sm-4Al alloy 4% 87.44 pm
Mg-6Al o
1 v o —Mg
+ALSm 6  Mg-6Al 1# ~6#
& oAl Sm, 6 (a) Mg-6Al Mg
H ] (b) .(d) (1) Mg7Sm-4Al
E ‘J-_JJJ v VV
L
. ) hT ) | ) - YI o 6 ().
IR (o 8 T
2 Mg-7Sm+4Al XRD
Fig.2 XRD pattern of Mg-7Sm-4Al alloy
2.2 MgTSm4Al Mg-6Al
4 Mg-6Al 1# ~6# .
o o XRD 7
Al Sm Mg-6Al Mg-6Al a-Mg B-



122 25

Mg,; Al,,
B-Mg,Al, - Mg Sm-6Al 14
a-Mg B-Mg,;Al,

Fig. 4 Optical micrographs of different alloys

400
350 F —=— Add refiner
—+— Comparison group
g 300
3
S 250t
[=]
E200f
&}
150 -
100 -
50 -
0 1 2 3 4
(Al+Sm)addition(wt.%)
5
Fig. 5 Average grain size change
XRD
Al-Sm 0 2#  34#
a-Mg B-Mg,; ALy,
Al,Sm
A].2 Sm o
Al Sm 44 a-Mg
B-Mg,; Al
Sm
XRD Al-Sm
o Sm S5# o#

a-Mg B-Mg,, Al,



: Mg7Sm-4Al Mg-6Al 123

Al,Sm

Al,Sm
AL, Sm

o

6#

100w m

S#

6 SEM

Relative intensity

v
A
X
o X

Mg-6A1 | |4

20 30 40 50 60 70 80
2 Thtea/degree

7 XRD
Fig. 7 XRD pattern of different alloys

2.3 MgTSm4Al Mg-6Al
2.2 Mg-7Sm-4 Al
Mg-6Al
AlL,Sm Al,,Sm,
Mg-7Sm-4 Al Al,, Sm,
Al Sm
AlL,Sm
Al Sm
Al,Sm

Al,Sm



124 25
3# Al,Sm Mg-9Al Al-¥Fe-Mn Al-
8 Fe-O-Mn-Ca
3~5 pum 4.12 pm 2.1 Sm Al-
Mg-7Sm-4 Al Al,Sm Sm o
7.7 pm Al Sm Mg-6Al o 9
o 44 Mg-6Al 420°C x24h
Mg-6Al Mg7Sm-4Al o Mg-6Al
Al, Sm 44
Mg-7Sm-4 Al Al, Sm o . 3 Mg6Al 44
Mg-7Sm-4 Al Al;, Sm, Al EDS EDS
Sm ALSm . Wang " Mg-6Al Mg-Al-C-O
Al,Sm o= Mg-6Al o
Mg 4# Al-Sm
. 1344
Al,Sm o
Mg-7Sm-4 Al Mg-6Al
AL, Sm a-Mg o s
Mg Sm-4Al Mg-6Al . 4#
' Al,Sm Sm Sm
. 0 15
Al Sm Sm Mg-Al-
° C-O Sm
Mg-6Al Mg-Al-
0T *  d=4.12pum C-0
g
? 40 F Al—Sm
g
£ 30r
0 ° Sm
g 20t . 64
=
./ AL Sm
10 / [ ]
. \Va Al Sm
0T 2345678 91001121314
Particle size/um
8 3# AL Sm Mg7Sm-4Al
Fig. 8 Size distribution of Al,Sm particles in 3# alloy Al Sm
Al Sm Al Sm
Mg-6Al o
Sm Mg-Al Mg-7Sm-4Al 3#  o#
Hu " Mg3Al Sm Al +Sm
Sm Mg3Al 34# 3#
Al¥e-C-O Al,Sm
Al¥e-Sm-C-O

2 Mg9Al 2% Sm



: Mg7Sm-4 Al

Mg-6Al 125

9

3 9 A

Mg-6Al

B

4#
Fig. 9 SEM images of Mg-6Al and 4# alloy

by solution treatment

EDS (at. %)
Tab.3 EDS spectrum analysis of points A
and B in Figure 9 (at. %)

Position C

0

Mg Al

A 45.94 29.27

B 3.76

8.05

21.74 3.05

42. 88 31.09

0

14.22

1) Mg7Sm4 Al

Al,Sm Al,Sm

5 ~10 pm

2) Mg7Sm-4Al
Al +Sm

Al  Sm

3)
Sm) Mg-6Al

Mg-6Al

126. 12 pm

Sm

Al Sm,

o

7.70 pm

Mg-6Al

4%  Mg-6Al

Al,Sm

(0.64% Sm

75.68 pm

1.59%
Sm
Sm

Sm)
Sm

15

o Sm (2.55%
Al,
Al Sm

LAl Mg-Gd( -Y) N
D . : 2014.

SHEPELEV D KLEMPF J] BAMBERGER M et al. Grain Re-
finement and Mechanical Properties Enhancement of AZ91E Alloy
by Addition of Ceramic Particles J . Journal of Materials Sci—
ence 2011 46(17): 5798.
CACERES C H MANN G E GRIFFITHS J R. Grain Size Hard—
ening in Mg and Mg—Zn Solid Solutions J . Metallurgical & Mate—
rials Transactions A 2011 42(7) : 1950.
CHEN T J WANG R Q MA Y et al. Grain Refinement of
AZ91D Magnesium Alloy by Al-Ti-B Master Alloy and Its Effect on
Mechanical Properties J . Materials & Design 2012 34: 637.
ZHANG M X KELLY P M. Crystallography and Morphology of
Widmanstitten Cementite in Austenite J . Acta Materialia
1998 46( 13) : 4617.
ZHANG M X KELLY PM EASTON M A et al. Crystallograph—
ic Study of Grain Refinement in Aluminum Alloys Using the Edge—
to-edge Matching Model J . Acta Materialia 2005 53
(5): 1427.
QIUD ZHANG M X TAYLOR J A et al. A New Approach to
Designing a Grain Refiner for Mg Casting Alloys and Its Use in Mg—
Y-based Alloys J . Acta Materialia 2009 57( 10) : 3052.
DAI'J EASTONM ZHUS et al. Grain Refinement of Mg40Gd
Alloy by Al Additions J . Journal of Materials Research 2012
27(21) : 2790.
DAI'J] ZHU S EASTON M A et al. Heat Treatment Micro—
structure and Mechanical Properties of a Mg-Gd-Y Alloy Grain—+e—
fined by Al Additions J . Materials Science & Engineering A
2013 576(4): 298.
WANG C DAIJ LIU W et al. Effect of Al Additions on Grain
Refinement and Mechanical Properties of Mg-Sm Alloys J . Jour—
nal of Alloys & Compounds 2015 620:172.
HUXY FUPH PENGLM etal. On Grain Coarsening and
Refining of the Mg — 3Al Alloy by Sm J . Journal of Alloys &
Compounds 2016 663: 387.

. Mg9Al2Sm( wt. %)

D . : 2015.
GREER AL BUNN A M TRONCHE A et al. Modelling of In-
oculation of Metallic Melts: Application to Grain Refinement of A—
luminium by Al-Ti-B J . Acta Materialia 2000 48
(11): 2823.
QUESTED T E GREER A L. The Effect of the Size Distribution
Ofinoculant Particles on As-cast Grain Size in Aluminium Alloys

J . Acta Materialia 2004 52( 13): 3859.

I 2008 29(4): 8.
YANG Suyuan ZHANG Lijuan ZHANG Baolei. Research Status
of RE-Mg Alloy J . Chinese Rare Earths 2008 29(4): 81.

« )



