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Abstract: The morphology, size and distribution of the grain and the second phase of 6061 aluminum alloy have
significant effects on the comprehensive mechanical properties of the alloy. In this paper, rare earth and Al-Ti-B master
alloys were added to 6061 aluminum alloy, which was used to compare grain-refining effects, investigate the manner of
existence of rare earth, determine the influence and mechanism on the second phase, and analyze the influence of rare earth
on the tensile properties, fracture morphology and thermal conductivity of the alloy. The results show that adding the rare
earth combined with the Al-Ti-B master alloy lowers the grain size of the 6061 alloy. Rare earth elements are mainly
distributed at grain boundaries in the form of the AlFeSiREMg phase and AISiTiMgRE phase. In addition, the addition of
rare earth promotes the transformation of the B-AlFeSi phase into the a-AlFeSi phase, decreases the size of Mg,Si, forms
various complex compounds (e.g., AlFeSi, AlFeSiREMg and other complex compounds), and reduces the impurity of the
Fe-rich phase at the grain boundary. Compared with 6061 alloy without rare earth elements, the tensile strength, elongation
and thermal conductivity of 6061 alloy with 0.05% LaCe combined with 0.2% AI-Ti-B (mass fraction) master alloy are
enhanced by 15.3%, 80% and 9%, respectively. Meanwhile, the rough and irregular dimples formed in the fracture
morphology change into small dimples, and the form of fracture is ductile fracture.
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Tab.1 Chemical composition of raw materials
Alloy Chemical composition /%
Si Fe Cu Ti Mg B La Ce Al
6061 0.588 0.167 0.208 0.020 0.988 Balance
Al-5Ti-1B 0.130 0.140 4.950 - 0.92 - Balance
Al-20LaCe 0.080 0.090 - - - 6.59 13.37 Balance
Al-20La 0.070 0.080 - - - 19.86 Balance
Al-20Ce 0.080 0.080 - - - 20.00 Balance
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Tab.2 Alloy number of 6061 aluminum alloy with different $»24 mmx8 mm
master alloys ) . ’ Bruker DS-Ad-
Alloy Num. Design alloy composition
vance X o YX2-22
#1 6061
#2 6061+0.05%LaCe(La:Ce=2:1) 6061
#3 6061+0.05%LaCe(La:Ce=1:1) o
#4 6061+0.05%LaCe(La:Ce=1:2) =1:9), QUAN200
#5 6061+0.05%LaCe(La:Ce=1:1)+0.2%Al-5Ti-1B (SEM) ,
#6 6061+0.1%LaCe(La:Ce=1:1)+0.2%AI-5Ti-1B (EDS) T6
#7 6061+0.2%LaCe(La:Ce=1:1)+0.2%Al-5Ti-1B (TEM)
3 w/% R
Tab.3 Chemical composition of different samples
P ‘ P GB/T228-2010 ,
All Mass fraction/%
(8)
Y Si Fe Cu Ti Mg La Ce Al 2 © SANS
#1060 015 019 0019 1.04 - - Balance , 0.5 mm/min, 3
#2057 0.5 020 0.018 099 0.033 0.016 Balance s o NETZSCH
#3058 016 0.9 0018 097 0.027 0.028 Balance LFA427 T6 5
#4 0.57 0.15 0.19 0.019 096 0.017 0.035 Balance 64
#5 0.56 0.15 0.20 0.018 090 0.028 0.026 Balance 34.43
#6 0.56 0.15 020 0.018 0.95 0.047 0.045 Balance 27'5
#7 0.53 0.16 0.18 0.018 0.86 0.098 0.096 Balance 25.
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Fig.1 The sketch of Reynolds standard golf T mold
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Fig.3 XRD analysis results of 6061 alloy
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Fig.4 SEM image of 6061 alloy without rare earth
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Fig.5 SEM image of Mg,Si phase in 6061 alloy and the
element distribution
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Fig.7 SEM images of 6061 alloy with rare earth
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Fig.9 The microgstructure and grain size di‘;?r?‘tl)ution of 6061 alloy treated with different refiners
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11 , LaCe(1:1) Al-Ti-B Maximum
Element k m m(k-1)
a-Al 5 Concentration, w/%
Al-Ti-B LAl Ti 7.8 333 0.15 ~220
- 0.05% LaCe(1:1) Al-Ti-B Ta 2 70 01 105
\% 4 1 ~0.1
6061 a-Al . # ’ ° 0
31°C Hf 2.4 8 ~0.5 11.2
’ e ’ Mo 2.5 5 ~0.1 7.5
Zr 2.5 4.5 0.11 6.8
o TiB, Nb 15 133 ~0.15 6.6
@2y 6061 Si 0.11 6.6 ~12.6 59
Cr 2 35 ~0.4 3.5
Ni 0.007 -3.3 ~6 33
Mg 0.51 -6.2 ~3.4 3
Fe 0.02 -3 ~1.8 2.9
Cu 0.17 -3.4 332 2.8
Mn 0.94 -1.6 1.9 0.1
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Fig.11 The effect of rare earth combined with Al-Ti-B alloy on
a-Al crystallization temperature of 6061 alloy
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Fig.13 TEM images of #5 alloy in T6 state
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Fig.14 SEM images of the tensile fracture of 6061 alloy in T6 state
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Tab.5 Mechanical properties of 6061 alloy under different Fig.15 Effect of rare earth on thermal conductivity of 6061 alloy
treatment conditions in T6 state
/MPa /%
#5 +0.05%LaCe+Al-5Ti-1B 198.5 23.74 ©
#5-T6 +0.05%LaCe+Al-5Ti-1B 369.0 18.30 3
6061-T6" +0.1%LaCe 345 10.5
6061°" +0.2%Sc 188 8 (1) La/Ce Al-Ti-B
6061-T6™ +0.2%Sc 333.27 18.56 6061
6061-T6"  +0.3%Er+0.15%Zr+ 353 25.7 .
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