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Abstract

In this work the influence of mechanical alloying on the liquid phase sintering of a 2xxx
aluminum alloy is studied. Mechanical alloying is a solid state processing technique where
by means of welding and fracturing processes, the morphology of the powder particles is
modified. The surface of the powder is improved, resulting in improved liquid phase
sintering through liquid diffusion. In this work, the influence of Sn and TiCN on the liquid
phase is also studied.

1. Introduction

Trace elements are widely known as agents that can affect the processing of materials,
including the sintering process. Specifically, Sn additions can enhance the final properties
of sintered aluminium materials, as Sn diffuses into the Al matrix ahead of the copper. This
ties up vacancies and delays the transient aspect of the liquid phase during sintering [1-5].
Improvements in material properties can also be achieved through the addition of, ceramic
elements. In previous studies [6] it has been concluded that the presence of TICN
enhances thermo-mechanical properties of Al-Mg,Si cast alloys. . Processing the materials
by mechanical alloying can also improve the materials properties [7]. Mechanical alloying,
which involves welding and fracturing processes, changes the particle morphology. The
change in the external morphology results in an increase in particle surface area. This
particle surface enhancement could be very useful in liquid phase sintering due to the
improvements in liquid phase diffusion. In this paper the influence of Sn and TiCN
additions on the liquid phase during sintering of an Al-Cu-Mg-Si alloy are analysed. The
effect that combining Sn additions with mechanical alloying has on the liquid phase during
sintering has also been examined.

2. Experimental
The aluminum alloy employed in this work is the Alumix 123 grade, provided by Ecka

Granulate (Germany). The trace element is Sn and the ceramic addition is TiCN. The
powder details are shown in Table 1.
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Table 1: Characteristics of the elemental powders.

Powder Source Grade Particle size distribution Composition
Size fraction (um) % Element %
ECKA Alumix 123 Ecka Granulate = AS 91/S >200 3 max. Cu 4.2-4.8
>160 8 max. Mg 0.4-0.6
>100 15-35 Si 0.5-0.7
>63 40-55 Lubr. 1.4-1.7
>45 5-20
<45 15 max.
TiCN H.C. Starck C 1.0-1.3 100 Crota.  9.3-10.3
Crree  0.05 Max.
N 10.3-11.3
@] 1.5 Max
Sn Goodfellow <45 100 99.75

Powder alloys were prepared by mixing for 30 minutes in a tubular powder mixer, and
also, by mechanical alloying in a horizontal high energy ball mill (attritor), Zoz Gmbh.
Stearic acid was mixed with the powder in 1.5wt% as PCA. Milling time was 10 hours and
the ratio of balls to the powder was 20:1 (in weight). The alloys used for this work are
summarised in the table 2.

Table 2: Composition of powder alloys, and pressing conditions.

Alloy Powder condition Compaction Lubricant for
pressure compaction
(MPa)
Alumix 123 Mixed 117 No
Alumix 123 + 0.15wt% Sn Mixed 117 No
Alumix 123 + 0.15wt% Sn Mixed 117 No
+ 5wt% TiCN
Alumix 123 Mechanically alloyed 800 Yes
Alumix 123 + 0.15wt% Sn Mechanically alloyed 800 Yes
Alumix 123 + 0.15wt% Sn Mechanically alloyed 800 Yes
+ 5wt% TIiCN

Specimens were obtained by cold uniaxial pressing using different pressures and
percentages of lubricant. Mixes from raw powders (used in “as received” state) were
compacted using a pressure of 117 MPa and lubricant was not added. Mechanically
alloyed powders were compacted using a pressure of 800 MPa, and stearic acid (1wt%)
was added as lubricant. Compaction of the specimens was performed using a hand
operated hydraulic press and a floating cylindrical die. Specimens were pressed to a green
density of ~80%. These conditions produced specimens with dimensions of ~10.1x7.5
mm.

Green density was calculated by measuring specimen dimensions and mass to an
accuracy of 0.001 mm and 0.0001 g, respectively. Sintered density was determined using
the MPIF Standard42, by Archimedes” method, although ethanol was used instead of
water.

Densification, ¥ was calculated to determine the amount of shrinkage or expansion:
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where ps, pg and p; are the sintered, green and theoretical density, respectively. A positive
value of ¥ indicates shrinkage; ¥ approaches unity as full density is attained.

Delubrication and sintering was carried out in a vertical furnace with a high purity nitrogen
atmosphere. The nitrogen flow rate was ~2 |-min™. The heating rate from dewaxing to
sintering temperature was 10 °C-min™*, and 5°C-min™* from this temperature to 590°C. The
furnace was held at 590°C for 60 minutes. Samples were water quenched after being
sintered for 60 minutes.

3. Results and Discussion

The sintering process is analysed by means of densification and microstructure. The
densification parameter depends strongly on the milling step of the mechanical alloying
process. This is shown in figure 1, where densification is represented for each alloy, after
60 minutes of sintering time.
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Figure 1: Effect of the different additions and the mechanical alloying process on the alloys densification.

As can be seen in Figure 1, the addition of Sn and the mechanical alloying process both
have a beneficial effect on the alloys’ densification. Expansion is only observed for the
Alumix 123 alloy.

The Sn addition improves the densification of the material. Alumix 123 + Sn and Alumix
123 + Sn + TIiCN densification values are increased compared to Alumix 123 alloy.
Besides milling the powder, higher densification values have also been reached. All the
alloys that have been mechanically alloyed show enhanced densification values. Alumix
123 + Sn mechanically alloyed increases the higher densification value.

It has to be also noted that the addition of TiCN influences properties. The addition of
ceramic reinforcement to the base alloy decreases the material densification.

In order to analyse with more detail the effect of Sn, it is very important to consider the
main characteristic of the Al-Cu system: transient liquid phase sintering. However it is
interesting to note that depending on the sintering temperature and alloying elements, the
system can be fully transient or have a large persistent aspect [2]. The liquid phase,
basically consists of the melting of Al,Cu eutectic and, due to the solubility of Cu in Al, the
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volume fraction of liquid decreases with the time until the equilibrium level is attained. One
way to increase sintering density is by hindering or decreasing transient aspect of the
liquid phase. With Sn addition, liquid is slightly slower to form, but higher quantities persist
for longer times [1, 8]. Sn has both vacancy binding and higher diffusivity in aluminum
than copper does. As a result, the liquid persists for longer times, which results in
improved sintering [2].

Mechanical alloying process affects the final properties of the material in a different way.
Due to the specific advantages in the production of powders by mechanical alloying, after
the powders milling each particle is a fully prealloyed particle [15-21]. Sintering of
mechanically alloyed powders does not present a conventional liquid phase, but the
behaviour could be considered as super solidus liquid phase sintering. As soon as the
powders are mechanically alloyed, the liquid phase appears not only between patrticles,
but also within grains, since the elements that form the eutectic melt are present within
the individual particle. The mechanically alloying process not only changes the
morphology of the particles. In this way, it should be considered that mechanical alloying
provides more specific surface to the powder, which could enhance the liquid phase
diffusion beyond the patrticles.

The influence of the additions and high energy milling can be analysed through the
microstructure.

Alumix 123 Alumix 123 + 0.15wt% Sn

Alumix 123 MA (Alumix 123 + 0.15wt% Sn) MA (Alumix 123 + 0.15Wt% Sn
+ 5Wt% TiCN) MA

Figure 2: Sintered alloy microstructures, water quenched after 60 minutes.

If the Sn addition is analysed in first place, it should be noted that the porosity is reduced
in Alumix 123 + Sn alloy compared to Alumix 123 (Figures 2a and 2b respectively). If the
Sn binds preferentially with the Al and delays the transient aspect of the liquid, this liquid
persists for longer times, and as a consequence, the result is a higher sintered density [2].
The TiCN addition influence, decreasing the material densification, can also be explained
by the microstructure (figure 2c). The location of TiCN particles, between the aluminum
particles, would reduce the rearrangement of the last during sintering process, limiting
their contact, diminishing densification and increasing the porosity of the sintered sample.



786

The mechanically alloyed microstructures (Figures 2d-f) show important differences
compared to the alloys that have not been milled. The porosity in the mechanically alloyed
has been significantly reduced. As a consequence of the increase in the specific surface,
mechanically alloyed Alumix 123 shrinks compared to Alumix 123 as a result of the
decreasing of the porosity. Together with the Sn addition, it is possible to enhance the
material densification to obtain a higher value by the maximum decrease in porosity.

Besides, Alumix 123 + Sn + TiCN mechanically alloyed porosity (figure 2.1) has also been
reduced (compared with the unmilled alloy). It is due to the milling process. At the
beginning of the milling, the balls crack the TICN particles, and when the milling is
concluded, these pieces are inside the final particle. The new size of the ceramic particles
reduces the interparticle spacing, providing more contact between aluminum patrticles.

According to these results, it is clear that milling in an high energy ball mill (attritor) can
affect to final properties of the sintered materials. Also these results confirm that trace
additions of Sn, enhance sintering properties of aluminum alloys [8].

4. Conclusions

1. Addition of Sn improves alloy densification. Sn additions help to increase the
permanence of the liquid phase.

2. Adding TIiCN decreases alloy densification. TiCN particles reduce the ability of
particles to approach the of aluminum particles during the sintering.

3. Densification reaches higher values when the powder is milled by mechanical
alloying. Mechanical alloying gives each particle more surface area, due to the
change in morphology of the powder, which then helps with liquid phase diffusion.
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