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Abstract: The evolution of microstructures and mechanical properties of AI-Mg-Si-Mn-Cu-Fe alloys with different
Mn contents during the homogenization heat treatment were investigated by SEM and in-situ TEM. Nucleation,
growth and coarsening of a-Al(FeMn) Si dispersoids were thus quantitatively described. The peak shaped evolu-
tion law that dispersoid size is increased gradually and its volume fraction is increased firstly and then decreased
during the homogenization heat treatment were measured with high precision, based on ultra-low penetration
depth imaging and statistical analysis using low voltage and high resolution. The drastic influence of dispersoids
on mechanical properties of alloys was clarified. The results indicate that homogenization heat treatment at 580 C
for about 8 h generates the highest volume fraction of dispersoids with adequate size and thus the alloy exhibits
optimal comprehensive mechanical properties, while longer treatment leads to coarsening of dispersoids and deg-
radation of mechanical properties. Moreover, the tensile strength and elongation of the alloy can be significantly
improved by adding appropriate amount of Mn(0.5% ) with homogenization treatment , however, excessive addi-
tion of Mn(0.8%) results in serious coarsening of the primary phase, degrading the mechanical properties of the alloy.
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Fig.1 Quasi-ternary Al-Si-Mn isothermal section of the

Al-0.85Mg-Si-Mn-0.5Cu-0.2Fe alloy at 500 'C by CALPHAD
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Tab.1 Nominal compositions of designed 6xxx
aluminum alloys %
55 =
Mg Si Cu Mn Fe Al
1 0.85 0.85 0.5 0.5 0.2 A
2 0.85 0.85 0.5 0.8 0.2 A
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Tab.2 Predicted second phase contents of the as-cast and

homogenized alloys by CALPHAD %
G s
a-Al(FeMn)Si  g-AlFeSi Mg, Si Q !
144 0.984 0.193 0.420 0.238 0.134
1-¥571k 1.894 — — — —
-5 75 1.500 0.154 0.425 0.225 0.115
2-¥1511k 2.795 - - - -
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Fig.2 Dimension of tensile specimen
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Fig.3 The testing scheme of in-situ TEM heat treatment
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Fig.4 Comparison of as-cast microstructure with different Mn contents under BSE mode in SEM
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Fig.5 BSE images revealing the dissolution of primary
a-Al(FeMn) Si phase in alloy 2 after different homogenization

heat treatments at 580 C
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Fig.6 Microstructure comparison of two alloys observed by SEM after homogenization treatment at 580 C for different time

(k) 1 544,24 h (O 2%54&4.24h

AT B f o B0 AR BU B f i 2 9 TBORH 1A R
PR RS .

M P 3 DX T L 32 BBCAS [) 79— SR BIOAR B0 1) 5 R
RSP R 92 n ROT CGEE A2 ) s A A e RS 4
it 100 A B — (19 5% BUR RORE L BOP S (AR RS F 9k
B RST . WIE 7. DAIEL 7a AT LAA L 24 Mn & &l



Al-Mg-Si &4 o-Al(FeMn) Si yRHUMH A1 ) 24 PR RERF 58 22

gl

0.5% 34 fNE] 0.8% ,a-Al(FeMn) Si 8 A i 4 B4 %4
B S 38 00 L O HLBE 35 27 A0 A b S [R] 38 n L 52 805k
J& T B AR B (R BEAE 6 ho AN 8 h, 43l
$70.832% Fl 1.407 % . g S0AH ik K /N B Min 55 5 448

INAZAEAR /D i i T Mn 3 8w e AL SRR iR
BE+ AR PR G 400 Mn 78 G 6 AR T4 AR
A T8 I [ AR AR B Min B A2 OE L0 B8 HOR /9
VR L BEAR 25 AR BRI R R

2.0 2801 o B frEy 16 100 15, B4R
] ~ T 951 —4
- 420 a] TR e {14 Sl
[ 25EWFR ] A e ————a 5 90 y }
. A 0 S 1 - 1 1 o )
- Lt / (o5 & = T PO g g 00 S/ = / 1o « 85 + !
7 N b3 = 1601 X = 25HREE e = 801 A / 2B R
£ 10 e A lefkE ls 8  Eo] 4N G5 HRr
& - . 280 3¢ 120 . H o] / \ i
& AT e B EEAH ¥ e 168 E 8 A
= os] A i £ 50 ‘ 22K 14 651 4 /}, /
e / 210 1 60 IL i 1=
1243 401 2 ss] ' 2%
0 T T T T T 0 T T T T T 0 50 T T T T r T \
0 5 10 15 20 25 30 0 5 15 20 25 30 0 5 10 15 20 25 30
FotE/h FtEl/h FtEl/h

(a) Ry 5 BEFRFERE

(b) #4558 Ao 1 % 5

(o) R AL

A7 WAteek 580 CHOMLBIRFREAGKRS B RTEEE N FHAEHRL

Fig.7 Evolution of the volume fraction and size of dispersoids and the mechanical properties of the two alloys during

the homogenization heat treatment at 580 C
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Fig.8 TEM bright field images of microstructure evolution at different temperatures during in-situ heating
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Microstructure and Properties of Mg-Sn-Zn-Al Alloy Modified by Sliding

Friction Treatment

Bi Guangli'*, Wang Yashuo'?, Jiang Jing"?, Li Yuandong'?, Chen Tijun"?*, Zhang Yusheng®, Ma Ying'*?

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

Technology; 2.Key Laboratory of Non-ferrous Metal Alloys and Processing, Ministry of Education, Lanzhou
University of Technology ;3.Advanced Materials Research Center, Northwest Institute for Non-Ferrous Metal Research)
Abstract: Microstructure, mechanical and corrosion properties of as-extruded Mg-7Sn-5Zn-3Al alloy modified by
sliding friction treatment (SFT) were investigated. After SFT, the grain in the surface layer of the alloy is signifi-
cantly refined and the volume fraction of second phase is remarkly reduced with its dispersed distribution. Tensile
testing results indicate that the SFT exhibits excellent mechanical properties, whose yield strength, ultimate ten-
sile strength and elongation are 181 MPa, 366 MPa and 18.1% , respectively. The corrosion resistance of SFT al-
loy is significantly improved, presenting a low average corrosion rate (4.51 mm/a) and corrosion current density
(197.2 pA/cm?®) , which is mainly related to the grain reflinement, small amount of the second phase and dispers-
ed distribution.
Key Words: As-extruded Mg-Sn-Zn-Al Alloy, Slide Friction Treatment, Microstructure, Mechanical Properties,

Corrosion Behavior
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