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Conclusion:

In this work, we dealt with a structural and mechanical study of sintered copper-aluminum samples
based on copper powder, with a purity of 99.5% and a grain diameter between 6 and 60 um, and
aluminum powder with a purity of 99.5% and a granular diameter between 10 and 110 um. 0, 5, 11,
14 and 18% aluminum, at a pressure of 12.5 MPa, and treated at 700, 800, 900 and 1000 °C, in a
vacuum under pressure 5 x 10-3 mbar. To study the samples, we used the following methods:
Volumetric mass calculation, porosity ratio calculation, X-ray diffraction, scanning electron
microscope and Vickers hardness test.

Volumetric mass results showed that the Volumetric mass of the samples decreases with the
increase in the percentage of aluminum, except for the 14% aluminum samples, which have a greater
Volumetric mass than the 18% aluminum samples, and this is due to the fact that the porosity of the
14% aluminum samples is greater.

The results of the sintering ratio showed that:

- The sintering percentage of untreated samples is higher than their heat treated counterparts,
due to the increase in the volume of treated samples. This increase is due to the thermal
expansion.

- The sample 0% aluminum treated at 1000°C recorded the highest sintering percentage of
72.11%.

- All samples except the sample 0% aluminum treated at 1000°C did not exceed 64.13% and
therefore all these samples remain in the initial stage of sintering.

- The higher the percentage of aluminum, the lower the sintering percentage, due to the
decrease in density as a result of increasing the volume by increasing the proportion of
aluminum.

From the results of the porosity, it turns out that:

The higher the sintering temperature, the lower the porosity.

The higher the percentage of aluminum, the higher the porosity.
The porosity of the samples ranged between 35.86 and 54.02%.
The sample 0% aluminum treated at 1000°C recorded the lowest porosity ratio of 27.93%.

DRX diagrams showed that:

- The appearance of the a phase in samples of 5% aluminum, which is formed by temperature,
and increases by increasing it up to 900° C.

- This is done by the diffusion of aluminum atoms in the copper network due to temperature,
and the diffusion increases by increasing it until saturation near 900° C.

- The samples showed 11% of the beginning of the phase, with the majority of the a phase,
where the ratio of the two phases does not change with the change in temperature, and this
is due to the fact that in this percentage of aluminum 700 ° C is sufficient for saturation.

- The phase increases at the expense of the a phase, by increasing the percentage of
aluminum from 11% to 14% and its predominance at 18%. As the concentration of aluminum
increases, the average diameter of the particles increases.
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The hardness measurement results showed that:

- Due to the sintering temperature, the hardness increases to ten times from 69.8 to 698.8 Hv.
For thermally treated samples, the hardness increases with increasing concentration of
aluminum. The phase samples recorded the highest hardness values.

- The 18% sample treated at 1000°C showed a hardness of 698.8, and the 14% sample treated
at 1000°C showed a hardness of 615.2. In one phase domain, the hardness increases with
decreasing particle size.
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Résumé

Dans le but de déterminer les facteurs conduisant a 1’augmentation de la porosité et ces
réflexions sur les propriétés mécaniques notamment la dureté ; on a utilisé la technique de
pression des poudres pour préparer des échantillons d'alliages cuivre-aluminium avec les
concentrations de 0, 5, 11, 14 et 18% Al, en utilisant une pression de 12,5 MPa. Les
échantillons ont été traités sous vide de 5.10° mbar & 700, 800, 900 et 1000°C. Les
diagrammes de diffraction des rayons X ont montré l'apparition de la phase o dans les
échantillons de 5% et sa prédominance dans les échantillons de 11%. Les diagrammes ont
aussi montré le début de la germination de la phase y dans ces derniers et continue de se
croitre et remplace la phase a avec 1’augmentation de la concentration d'aluminium de 11% a
14% et d’une fagon plus élevée pour les echantillons de 18% Al. Les mesures montrent
L’augmentation de la taille moyenne des grains avec 1’augmentation de la concentration en
aluminium. Les résultats de mesure de la dureté ont montré qu'elle décuple de 69,8 a 698,8
kg/cm2 en raison de la température de frittage, et qu'elle augmente avec I'augmentation de la
concentration en aluminium. Les valeurs importantes de la dureté ont été enregistrées sur les
échantillons avec la phase y ; la plus élevée, 698,8 kg/cm?, a été trouvée pour I'échantillon de
18% Al traité a 1000°C. Cependant 1’échantillon de 14% traité a 1000°C a montré une valeur
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de 615,2 kg/cm?; Nous avons constaté que dans un domaine de phase unique, la dureté
augmente avec la diminution de la taille des grains.

Mots clés : aluminium, cuivre, frittage, porosité, dureté, diffraction des rayons X

Abstract

In order to determine the factors leading to the increase of the porosity and these reflections
on the mechanical properties in particular the hardness; we used the powder pressure
technique to prepare samples of copper-aluminum alloys with the concentrations of 0, 5, 11,
14 and 18% Al, using a pressure of 12.5 MPa. The samples were treated under vacuum of
5.10° mbar at 700, 800, 900 and 1000°C. X-ray diffraction patterns showed the appearance of
the o phase in the 5% samples and its predominance in the 11% samples. The diagrams also
showed the beginning of the germination of the y phase in these late samples and continues to
grow and replaces the o phase with the increase in the concentration of aluminum from 11%
to 14% and with higher rate for 18% Al samples. Measurements show the increase in average
grain size with increasing aluminum concentration. The hardness measurement results showed
that it increases tenfold from 69.8 to 698.8 kg/cm? due to the sintering temperature, and
increases with increasing aluminum concentration. Significant hardness values were recorded
on samples with y phase; the highest, 698.8 kg/cm?, was found for the 18% Al samples treated
at 1000°C. However, the 14% sample treated at 1000°C showed a value of 615.2 kg/cm?; We
found that in a single-phase domain, hardness increases with decreasing of grain size.

Keywords: aluminum, copper, sintering, porosity, hardness, X-ray diftraction



