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Effect of hard phases on surface quality of
6061 special-shaped radiator aluminum profile
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(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
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Abstract: Contrastive analyses of two kinds of 6061 special-shaped radiator aluminum profiles produced at home and
abroad were done by composition analyses, OM, SEM, mechanical tests, energy spectrum analyses and PoDFA inclusion
analyses. The results show that the inclusion concentration of the domestic profile is 0.195 mm2/kg, which is obviously
higher than that of the imported one (0.016 mm?/kg). There are more spinel MgAl,O,and MgO inclusions with special
shapes and high hardness in the domestic profile, which can scratch the surface of molds and worsen the surface quality
of profiles. With higher contents of Mg and Si, the strength of the domestic profile is slightly higher than that of the
imported one. However, due to the formation of massive, hard and brittle Fe,Si,Aly phases, its elongation is much lower
than that of the imported one, and its surface quality is also affected.
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Fig.1 Physical pictures of two kinds of 6061 aluminum
profiles: (a) Appearance of profiles; (b) Surface of domestic

profile; (¢) Surface of imported profile
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Table 1 Chemical compositions of two kinds of 6061

aluminum profiles (mass fraction, %)

Sample Mg Si Cu Cr Ti
Imported  0.93 0.22 0.19 0.15 0.01
Domestic  1.15 0.27 0.25 0.17 0.02

Sample Zn Fe Mn Ni Al
Imported  0.01 0.20 0.12 0.004 Bal.
Domestic ~ 0.02 0.15 0.11 0.004 Bal.
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Table 2 Results of inclusion analysis of two kinds of 6061 aluminum profiles

Inclusion content/(mm*kg ')

Inclusion type Chemical component
Domestic profile Imported profile
Carbide Al,C5 (>3 pm) 0.002 -
MgO 0.010 -
Magnesium oxide Cuboid MgAl,04 0.004 0.001
Spinel MgALL,O4 0.002 -
o Spinel-like (Reacted) 0.002 -
Addition
0-Al,O3, Ca0, SiO(Unreacted) - -
) Potential chloride(MgCl,, NaCl, CaCl,) - 0.009
Refractory material
Flux/salt, bone ash - -
Boron treatment(Ti, V)B, 0.029 0.002
Metal treatment
Grain refiner(TiB,/TiC) 0.146 0.004
Total inclusion content 0.195 0.016
Total without grain refiner 0.049 0.011




1524 A G R

2011 £ 7 H

7

: Me.tallulrgical. spinel |
. Grain refiner : \

B2 B B AT R A

Fig.2 Microstructures of samples of aluminum liquid for inclusion analysis: (a), (b) Domestic sample; (c), (d) Imported sample
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Fig.3 BSEM images of two kinds of 6061 aluminum profiles (without corrosion): (a) Domestic sample; (b) Imported sample
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Table 3 Energy spectrum analysis results of characteristic locations in Fig.3
Characteristic location Mole fraction
Mg Si Cr Mn Fe Cu Cl Al Phase type

A 1.61 0.91 0.20 0.23 0.57 0.19 0.28 Bal. Mg,Si

B 1.50 3.82 0.39 0.84 3.42 0.43 0.08 Bal. Fe,Si,Alg

C 1.46 1.13 0.23 0.32 0.76 0.23 2.56 Bal. MgCl,

D 1.19 3.77 0.59 0.91 3.89 0.28 0.31 Bal. Fe,Si,Alg
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Fig.4  Metallographic structures of two kinds of 6061

aluminum profiles: (a) Domestic sample; (b) Imported sample

2.5 HE%RE

X PRI LA o0 AT S 8 S 2 P BRI, 45
KA. HE 4, SO, R
OB R E AR /N T 10%, 17 {3 R B AR s 0K
T 20%. 3K DK E PR A T R I B A,

B EICR A RIS 2% U2 B ) s A A B v 144
BHOBURIREE, (2, IXEEsRAAH bl o3 AH T ffe
HATHIK, W1 FeySip Al 5%, AEARTERERE 7% 5y 1A
R, NI RER S P AR A (R 280

T A PPk 6061 BRI ) % ) 2 RE
Table 4  Mechanical properties of two kinds of 6061

aluminum profiles at room temperature

Sample oy/MPa 0/%
Domestic 329 11.85
Imported 308 15.10
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