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The effect of La additives on aluminum alloy AlSi;Mg and the casting temperature on
its microstructure and mechanical properties was studied. It has been found that the
addition of La has a significant improvement in the structure of the aluminum alloy and
has a large effect on tensile strength and percentage elongation. When the La content was
0.2%, the sample property was the best. With increasing solution temperature, the grain
size of the samples increased, the spherical coefficient decreased, the density decreased,
and the mechanical properties deteriorated. When the temperature of the solution was 540°
C, the microstructure and mechanical properties of the samples were the best. This
indicates that the proper addition of chemical components and the control of the tempera-
ture of the solution can improve the properties of the aluminum alloy billet.

Keywords: AlSi;Mg, aluminum alloy, chemical components, rare-earth metals, heat
treatment, microstructure, mechanical properties.

Hccremopano Baumsume [no6aBok La B amommumeselt cmias AlSi,;Mg u remmneparypsr
JATHA HA ero MUKPOCTPYKTYPY M MexXaHuudeckue cpoiictBa. OOHapy:KeHO, 4TO J0o0aBjeHNE
La sHAUMTENBHO YAyYINAeT CTPYKTYDPY AJIOMHHHEBOrO CILJIaBA W OKA3BIBAET OOJIBIIIOE BJIMS-
HHe Ha IPOYHOCTL K PACTAMKEHUIO M MIPOIeHTHOoe yaanHenwne. Ilpm cogmep:xamuu La 0,2%
cBolicTBa oOpasma Hauayuiine. C yBeJnueHNeM TEMIEPATYPLI PACTBOPA MPOWCXOAUT YBeJlU-
yeHNne pasMepa 3epeH o6pasloB M yMeHbIIeHusa chepuueckoro Koadduinnenta. CooTBeTCTBEH-
HO YMEHBIIIAeTCs IMJIOTHOCTL M YXVAIIAIOTCA MeXaHuWuecKlue cBoicTBa. Korga TeMmepaTypa
pacTBopa cocrasiser 540° C, MUKPOCTPYKTypa X MexXaHUUYecKUe CBOHCTBA 00PA3IOB MMEIOT
caMble BLICOKME TOKA3aTe .

Boane ximiunux kommoHenTtie La i Tepmoo6pobxm Ha MikpocTpyKTYypy i mMexamiumi
BJAcTHBOCTI amominiesoro cmiasy AlSi-Mg. Yongyue Liu

Hocmigxeno Bmaus gob6asok La B amrominmiesmit cias AlSi;Mg i Temmepatypu aurtrs Ha
oro mMikpocTpykTypy 1 Mexamiuumi BiaacTuBocti. BusiBineno, 1o gozaBanua La magae smaune
HOJIIIIIIIeHHSA CTPYKTYPU AJIOMIHIEBOro CILJIABY i Mae BEJIMKMU BILJIMB HA MIIHICTB JO PO3THAr-
HeHHA 1 BigcoTkoBe mopoB:eHHA. Koam smicr La cramosurs 0,2%, BaacrusBocTi 3paska
Hakpamri. 3i 30iablIeHHSM TeMIeparypu PO3SUYMHY PO3Mip 3epeH 3paskiB sb6iibmrysascsd,
chepuunnii xKoedilieHT 3MeHIITyBaBCsd, IIiJIbHICTE 3MEHINHJACH, a MeXaHiuHi BIacTUBOCTL
noripmuanca. Koam remneparypa posumny pocarac 540 °‘C, mikpocTtpykTypa i mexaniumi
BJIACTUBOCTI 3pas3KiB MaroTh HAWBUII] IIOKABHUKUA.
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1. Introduction

Aluminum and aluminium alloy have
light weight, low density, simple process-
ing, high hardness and good corrosion resis-
tance [1]. They have been widely used in
fields such as mechanical manufacturing,
transportation and aerospace [2]. Without
destroying the original characteristics, im-
proving the properties of aluminium alloys
is the focus of current research [3]. Many
researches have studied the influence factor
of the performance of aluminium alloy.
Fang et al. [4] added trace transitional ele-
ment Cr to 7136 aluminum alloy and found
that the addition of Cr made the distribu-
tion of alloy elements more uniform and
improve the plasticity of aluminium alloy.
Wang et al. [5] studied the effect of techno-
logical parameters on the microstructure
and mechanical properties of ADC12 alloy.
It was found that the spherical crystals gen-
erated dendrites and the tensile strength
and elongation percentage decreased with
the increase of solution temperature. With
the increase of pressure, the crystal size
became smaller, the spherical coefficient in-
creased, and the mechanical properties im-
proved. The optimal parameters were 605 °C
solution temperature and 150 MPa pres-
sure. Gurusamy et al. [6] found that the
melt and mold temperature had a signifi-
cant effect on the properties of workpieces.
The optimum melt and mold temperature of
the composites were 85000 'C and 35000 °C,
respectively as the tensile strength and
hardness of the materials were better under
such temperature. Wang et al. [7] studied
the effect of vanadium on 5083 aluminium
alloy. It was found that the addition of va-
nadium inhibited the growth of grains in
the process of recrystallization and im-
proved the elongation percentage of alu-
minium alloy from 208% to 254%. There-
fore, in order to obtain better parts, it is
necessary to optimize the design and casting
process of aluminium alloy by various meth-
ods and find out the best casting conditions.
In the present study, AISi;Mg aluminium
alloy was taken as an example. The effects
of chemical composition and heat treatment
on the microstructure and mechanical prop-
erties of aluminium alloy were analyzed by
adding different content of rare earth La in

the manufacturing process and changing the
solution temperature of aluminium alloy
during casting.

2. Aluminum and aluminum alloy

Aluminum and its alloy have a very wide
applications, second only to iron and steel.
Related technologies of aluminum and alu-
minum alloy are developing rapidly. Various
new types of aluminum alloys have been de-
veloped and put into use continuously,
which suggests the high value of aluminum
alloys [8-10].

Aluminum alloy materials have great ap-
plication values in the industrial field [11].
The material and manufacturing process
will have an impact on the physical and
chemical properties of aluminum alloy [12].
Studying the composition and manufactur-
ing process of different components can
help analysis of the optimal performance of
aluminum alloy under what conditions, so
as to obtain better aluminum alloy work-
piece. In view of chemical components and
heat treatment, AlSi;Mg aluminum alloy was
taken as an example.

Different chemical components and con-
tent of the same chemical component will
have different effects on the properties of
aluminum alloy. In this study, rare earth La
was added. The observation of the micro-
structure suggested that different content
of La had different effects on the micro-
structure of the specimens.

3. Experimental

AlSizMg aluminum alloy was taken as an
example in this study, and its composition
is shown in Table 1.

A crucible was preheated to 500-550 °C
and added with AlSi;Mg aluminum alloy for
refining. After heating up to 800 °C, 0.4%
and 0.6% Al-La intermediate alloy were
added, respectively. The intermediate alloy
was pressed into the solution and stirred
evenly. When the temperature dropped to
about 700-750 °C, slag remover and refining
agent were added and stirred. After 10 min,
it was processed by solution treatment with
a mould which was preheated to 200 °C.
Then a specimen was obtained.

The casting process with different heat
treatment was the same, but AL-La inter-

Table 1. The composition of AlSi;Mg aluminum alloy

Al

Si

Mg

Cu

Fu

Ti

Zn

91.78%

7.5%

0.28%

0.2%

0.16%

0.04%

0.03%

0.01%
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mediate alloy was not added. Different solu-
tion temperatures were selected in the stage
of solution treatment. The temperature pre-
cision was controlled at +1 °C by PID tem-
perature controller. The solution tempera-
ture was 550 °C, 545 °C and 540 °C, respec-
tively. Quenching was performed using 80
‘C water after solution treatment, for 3
min, and then water was controlled for 2
min. After 12 h, the specimen was put into
a holding furnace and preserved at 150 °C
for 3 h. Then the test specimen was taken
out and processed by air cooling until it was
cooled to the room temperature.

The seven specimens obtained are shown
in Table 2.

The microstructure of the specimens was
observed by a LEICA 5000M metallographic
microscope, and the spherical crystals were
calculated by image-Pro Plus.

d-2VY
T

Grain size:

4ns
cz’

where S stands for the cross-sectional area
of spherical crystal and C stands for cir-
cumference. The closer the spherical coeffi-
cient is to 1, the rounder the crystal is.

Spherical coefficient: o =

. WLI.XDLU
Density: Dn=ﬁ’ where D, re-
a” Mw

fers to the density of the specimen, D, re-
fers to water density, W, refers to the
mass of the specimen in the air, and W,
refers to the mass of the specimen in the
water.

Dx B Dn
Void ratio: P = ———x100%, where D,

Dx
stands for the density of the specimen
under 535 °C.

L;,-L
Lq
Ly stands for the diameter of the impres-
sion and L stands for the diameter of work-

piece.

Tensile performance was tested using a
tensile test machine. The tensile speed was
1 mm/min, and the elongation at break was
measured using streak method.

Shrinking percentage: u = , Where

0
CO
where C stands for the length of the speci-
men after fracture and C, stands for the
length of the specimen before fracture.

Elongation at break: &= x100%,

750

Table 2. Parameters of different speci-

ens
No. of test Content of La Solution
specimen (%) temperature ('C)
1 0.1 540
2 0.2 540
3 0.3 540
4 0.4 540
5 0 550
6 0 545
7 0 540

4. Results and discussion

The microstructure of the specimens 1,
2, 3 and 4 which had different content of
La was observed under a microscope (Fig. 1).

It was found from Fig. 1 that different
content of La had a significant effect on the
microstructure of the specimens under the
same casting conditions. When the content
of La increased from 0.1% to 0.2%, the
microstructure of the test specimen was
further refined, i.e., the grain was small,
the distance between grains became nar-
rowed and even, and the eutectic structure
spherized. But when the content of La in-
creased continuously, the refining effect on
the structure disappeared, and the grains
became rough and large. It indicated that
the refining effect on the microstructure of
the test specimen lost when the content of
La exceeded 0.2%.

It was found from Fig. 2 that the tensile
strength was 164 MPa when the content of
La was 0.1% and significantly increased to
207 MPa when the content of La increased
to 0.2% . But with the continuous increase
of content of La, the tensile strength of the
test specimen declined. The tensile strength
of the test specimen was 169 MPa when the
content of La was 0.83% and 168 MPa when
the content of La was 0.4%. It indicated
that the structure property of the test
specimen deteriorated when the content of
La exceeded 0.2%.

In conclusion, the morphology and me-
chanical properties of the test specimen
were the best when the content of La was
0.2%.

The microstructure of specimen X, Y and
7 whose conditions were the same except
solution temperature observed under a mi-
croscope is shown in Fig. 3.

Fig. 3 shows that different heat treat-
ment techniques affected the microstructure
of the specimen. The microstructure of the

Functional materials, 25, 4, 2018
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3+ 0.3%La 4. 0.4%La
Fig. 1. The microstructure of the specimens
which had different content of La

specimen was not completely separated, the
grains were coarse, and the grains were ad-
hered at 550 °C; short dendrites appeared,
but not all of them were separated at
545 °C; the spherical structure began to ap-
pear and there was small intervals between
the grains at 540 °C.

The changes of the average grain size
and spherical coefficient are shown in Fig.4.

Fig. 4 exhibits that the average grain
size increased with the increase of tempera-
ture. The average grain size was about 70
um and the grain size was relatively coarse
when the temperature was 550 °C. When the
temperature was 540 ‘C, the grain size was
reduced to about 35 um. The average
spherical coefficient decreased with the in-
crease of temperature. The average spheri-
cal coefficient was about 0.3 at 550 "C and
0.75 at 540 °C. The results showed that the
grain size of the specimen decreased slowlv

8. 880°C
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Fig. 2. The changes of tensile strength

and the shape became more rounded with
the decrease of solution temperature.

Fig. 5 exhibits that different heat treat-
ment affected the density and void rate of
the specimen. The density of the specimen
was only about 2.5 g/ecm?3 at 550 °C and 2.9
g/cm3 at 540 °C. It indicated that the den-
sity of the specimen was high under low
solution temperature. The void rate of the
specimen increased with the increase of
temperature. When the temperature was
540 °C, the void rate of the specimen was
the smallest, close to 0%.

The changes of other indicators are
shown in Table 3.

It could be found from Table 8 that the
tensile strength and elongation percentage
of the specimen decreased with the increase
of solution temperature. At 540 °C, the ten-
sile strength of the specimens is the high-
est, 228 MPa, and the elongation percentage
was also the highest, 12.6% . The shrinking
percentage of the specimen increased with
the increase of solution temperature. At
lower temperature, the shrinking percentage
of the specimen was small, and at 540 °C, the
shrinkage was only 2.3%.

Different chemical components and con-
tent of the same chemical component will
have different effects on the properties of
aluminum alloy. In this study, rare earth La
was added. The observation of the micro-
structure suggested that different content

7. 540C

Fig. 3. The microstructure of the specimens under different pouring temperatures.
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Fig. 4. The average grain size and spherical
coefficient of the specimen under different
solution temperatures.

of La had different effects on the micro-
structure of the specimens. The addition of
La could obviously refine the grain size and
reduce the distance between dendrites. It
was found that La had a significant refining
effect on the microstructure of the test
specimen when the content of La was 0.2%.
However, it was also found that the micro-
structure of the specimens was not im-
proved with the increase of content of La
after 0.4%, indicating that the effect was
maximum when the content of La was
0.2% . The same conclusion could be drawn
from the analysis of mechanical properties:
the density significantly improved, the void
rate decreased, the tensile strength and
elongation percentage increased, and the
shrinkage rate of the specimen decreased
when the content of La was 0.2%, but the
addition of La also produced negative ef-
fects on the mechanical properties of the
specimens. It indicated that 0.2% La in
AlSi;Mg aluminum alloy had a significant
effect on the overall performance of alumi-
num alloy.

Different heat treatment have different
effects on specimens [183]. In this study, the
solution temperature in the process of heat
treatment was analyzed. It was found that
the microstructure and mechanical proper-
ties of the specimen changed under differ-
ent solution temperatures. When the tem-
perature was low, the microstructure of the
specimen obtained was better. With the de-
crease of solution temperature, the micro-
structure of the test specimen became
rounder and gradually produced globular
structure, and the microstructure of the
test specimen was the best when the solu-
tion temperature was 540 °C. The analysis
of the mechanical properties suggested that
the density, void rate and tensile strength
of workpiece were better under low solution
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Fig. 5. The density and void rate of the speci-
men under different solution temperatures.

Table 3. The relationship of solution tem-
perature with tensile strength, elongation
percentage and shrinking percentage

Solution temperature/°’C 540 | 545 | 550
Tensile strength (MPa) 228 | 225 | 212
Elongation percentage (%)| 12.6 | 12.3 | 10.1
Shrinking percentage (%) | 2.8 2.5 3.8

temperature, while high solution tempera-
ture would reduce the quality of workpiece.
At high temperature, the molten metal
would oxidize and generate oxide inclu-
sions, which might lead to the decrease of
metal density, appearance of cracks and
burrs and decline of mechanical property.

5. Conclusion

This study focused on the influence of
chemical components and heat treatment on
AlSi;Mg aluminium alloy workpiece. The mi-
crostructure and mechanical property of the
specimen under different content of La and
solution temperatures was analyzed. It was
found that 0.2% La could significantly re-
fine grain size and improve morphology,
and specimens produced under low solution
temperature had higher spherical degree,
better morphology, larger density, low void
rate and better mechanical property. The
quality of workpiece was the best when the
content of La added was 0.2% and the solu-
tion temperature was 540 °C.
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