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ABSTRACT

A series of Cu-Al,Os composites were successfully prepared using powder
metallurgy techniques. The composites consisted of pure copper (Cu) powder (99.8 %)
as a soft ductile matrix and alumina powder (Al203) as a hard second phase with volume
fraction varied from 0.0 % up to 20.0 %, in order to investigate the effect of alumina
volume fraction and sintering time on the physical and mechanical properties of these
composites. The composite powders were mechanically mixed and pressed under single
action die at a compaction pressure of 451 MPa and sintered at 670°C in an inert
atmosphere (Argon gas) for different time intervals.

Some physical and mechanical properties were measured for compacted and
sintered copper powder, as well as for the composites with different volume fractions of
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Al>Oz. It was observed that the green and sintered densities decreased as the volume
fraction of Al>O3 increased. It was also observed that the percent porosity increased as
the volume fraction of Al>Os increased. On the other hand, a decrease in porosity and an
increase in hardness were observed with increasing the sintering time.

KEYWORDS: Cu-Al,0O3 Composites; Copper Powder; Alumina Powder; Argon Gas.

INTRODUCTION

In many engineering products, different types of phases (often called material
components) are mechanically or metallurgically bonded together in order to optimize
their properties and behavior under service condition.

There are two major reasons for the revived interest in composite materials. One is
the ever-increasing demand for higher performance in many product areas especially in
the aerospace, nuclear energy and aircraft fields. The second reason, which is the most
important one on the long run, is that the composites concept provides scientists and
engineers with a promising approach to design, rather than to select a material to meet the
specific requirements of an application.

The overall behavior of a finished product is even more dependent on their structure
than is the behavior of single-phase materials. The properties are affected by the size,
distribution, and particle morphology of the phases. In other words, the properties will
depend on the bond strength between different phases, the shape and amount of each
phase and the properties of each phase. The dispersion-strengthened metal matrix
composites have been a subject of many research articles [1-4]. Cu-Al.O3 dispersion-
strengthened composites have good mechanical properties at room and elevated
temperatures, providing superior creep resistance compared with copper alloys. Oxide
dispersion-strengthened copper is an effective method to increase copper strength without
remarkable decrease in electrical and thermal conductivity [4]. Mechanical alloying was
found to be more suitable in producing alumina dispersion strengthened copper
composites [1]. Alumina content of 5 wt.% or less was found to be suitable to achieve
equilibrium in both hardness and electrical conductivity[1]. The micro-composites show
better density and hardness at higher sintering temperatures. This behavior is the other
way around in nano-composites. The wear resistance is higher for nano-composites than
micro-composites under the same conditions [5]. In their study of the 95 % Cu with 5 %
Al>03 composite [6], they found that after 12 hours of milling the particle size was
reduced from 2.531 nm to 1.7343 nm and the material have reached a steady state. The
lattice strain has been increased as a result of reduction in particle size. Mechanical
properties may also be enhanced by decreasing the particle size and increasing the lattice
strain.

The objective of this investigation was to prepare a series of Cu—Al,O3 composites
and investigate the effect of increasing Al>Os volume fraction and sintering time on some
physical and mechanical properties of the resulting material.

EXPERIMENTAL PROCEDURE

A series of composites were prepared using the powder metallurgy techniques.
The composites prepared were metal-nonmetal particulate composites with copper being
the matrix (particle size 40 um), and the second phase was metal oxide being alumina
(particle size in the range 53-150 um).
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The general formula used for preparing the mixture was (100-X) Cu, where X-
expresses the volume fraction of alumina in the mixture. The amount of X varied from
0.0 % up to 20.0 %. The total weight of sample was 30 grams. The theoretical density

(Ptheoritical) OF the composite was calculated for different volume fraction by using the law
of mixtures. The powder mixture was mixed by magnetic stirring motor to ensure uniform
distribution. The mixing time was limited to one hour to avoid over mixing which may
decrease the particle size.

The mixed Cu-Al.O3 powders were mechanically compacted using cold pressing
technique utilizing a single action compaction die. The compaction pressure was 451
MPa. All the produced compacts were in the form of a small circular disc shaped of 3.2
cm in diameter and 0.5-0.71 cm in thickness.

The final stage for obtaining the composites was the densification step. Each series
of Cu-Al>O3 particulate composite compacts were sintered at a constant sintering
temperature of 670 °C in a protective atmosphere of argon for different sintering times of
0.5, 1 and 2 hours, the sintering temperature was selected to be 670 °C ( = 0.7 of the
absolute melting temperature of copper). This was done to optimize the required sintering
time for composites.

Physical properties measurements
The green density was calculated according to the formula:

p=mlv

Where:
p = green density in (gm/cm?)
m= mass of compacts in (gm)
v = volume of compacts (r r2t) in (cm3); r and t are the radius and thickness of the obtained
disc respectively

The density of sintered compacts was determined using the same principle of
calculation.

The percent porosity present within the composite disc specimens was calculated
according to the formula:

% porosity = (Theoretical density — Sintered density) x100
Theoretical density

Hardness measurements

Rockwell hardness tester was used to measure the hardness of compacts sintered
for various time intervals. Rockwell B scale was adopted in all cases using 10 kg as an
initial load and 90 kg as the main load. Four readings were taken for each sample and the
mean hardness values were reported.

Metallographic investigations

Samples were ground on different emery papers, starting with coarse grade 120,
down to grade 1200. They were then polished using alumina paste. For microstructure
examination alcoholic FeCls (5 gm ferric chloride + 95 ml methanol + two drops of
hydrochloric acid) etching reagent was used. The microstructure was observed and
photographed by means of an optical microscope equipped with photographic facilities.
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RESULTS AND DISCUSSION
Green density

The green density of the compacts was calculated as mass over measured volume.
A decrease in green density with increasing volume fraction of Al.Oz was expected and

could be justified by the rule of mixture. Where the light alumina particles (Paiumina= 4 gm

/ cm?3) were replacing heavy copper particles (Peopper= 8.96 gm / cm3). Generally, the green
density is lower than the calculated theoretical density as shown in Figure (1).

Sintered density

The sintered density of the produced compacts with different volume fraction of
Al>O3 sintered for various time intervals of (0.5 hr, 1 hr, and 2 hrs) was calculated. It was
observed that, with increasing alumina volume fraction, the sintered density shows a
gradual reduction, as shown in Figure (1). Such reduction is due to the squeezing effect
and the interface Cu /Cu, Al.O3 / Cu, Al203 /Al,O3 change. It is also clear that the
densities of sintered compacts are greater than the densities of un-sintered compacts. This
can be explained by the reduction in surface energy, dimension shrinkage of the
composites and internal voids during sintering process [1]. Such difference increases with
increasing sintering time as well as with Al>Os.
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Figure 1: Effect of alumina content and sintering time on the density of produced
compacts

Green porosity

The values of green porosity are mainly dependent on the load of compaction and
the content of the second phase. It is evident that the first addition of the alumina phase
affects the green porosity much more than further additions. Thus, the first 4 % of Al>O3
increases the porosity by 9 % while the further 16 % additions of alumina increase the
porosity only by 7 %. This fact could be explained by the fact that the portion of the
interface Al,O3z /Cu boundaries sharply increase on the expense of the Cu/Cu interface
boundaries with the first portions of Al,O3 added to the powder mixture. Some boundaries
may accumulate pores retarding their squeezing out during compaction. In such a way,
the percentage green porosity builds up rapidly with the addition of Al>O3 particles.
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Further additions of Al.Oz particles increase the probability of AloOs / Al2O3 interfaces
and under the compaction action many of these brittle particles may fracture and fill the
pores surrounding them giving rise to a lesser increase in porosity as shown in Figure (2).

Sintered porosity

The amount of porosity present in the sintered product was related to its density; it
decreases with increasing density. The more dense material shows lower porosity. That
occurs during sintering where excessive shrinkage and green growth may cause reduction
in pores size. The results are given in Figure (2).
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Figure 2: Effect of alumina content and sintering time on the percentage porosity of
Produced compacts

Hardness
The obtained results show a slight increase in the hardness of the compacts

produced with different Al.O3 volume fractions. It is clear that the hardness increases as
the volume fraction of alumina increases as predicted in Figure (3).
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Figure 3: Effect of alumina content and sintering time on the hardness of produced
Compacts
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This was probably due to the effect of the relatively hard particles interface surrounded by soft
copper matrix. Considering the relationship between hardness and sintering time, Figures (4), the
obtained results show that hardness increases as the sintering time increases with almost the same
rate. That is probably due to the decrease in porosity as the sintering time increases.
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Figure 4: Effect of sintering time and alumina content on the hardness of produced
compacts

GENERAL REMARKS

As it has been mentioned before, increasing the volume fraction of Al>O3 shows an
increase in the hardness and porosity of the sintered product. Such increase in hardness
was found to be more pronounced as the sintering time increases. This can be attributed
to the decrease in porosity as the sintering time increases.

The sintered density was found to decrease as the volume fraction of Al>Os3
increases, which is in an agreement with the increase in porosity. On the other hand, the
sintered density was found to increase with increasing sintering time due to the decrease
in porosity of the product.

The effect of Al,O3 content, on the properties of the compacts, was found to be
more effective in lower percentage range and leveling off at higher percentage. That could
be due to a decrease of soft matrix, which may lead to lower work hardening rate. The
microstructure of produced compacts, are shown in Figures (5) and (6). A good agreement
between observed changes in mechanical and physical properties was observed. The
copper oxide layers form a continuous net work surrounding the matrix copper grains.
Such oxide may undergo chemical changes during sintering. This oxide may also,
somehow, affect the measured properties. Figures (5) and (6) show the appearance of
porosity for two samples where Al.O3 content and sintering time increases.
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Figure 5: (a) Microstructure of 6 % Al,O3; sample sintered for (1 hr) (200 X)
(b) Microstructure of sample 20 % Al.Os sintered for (1 hr) (200 X)

0)

Figure 6: (a) Microstructure of 2.6 % Al.Os; sample sintered for (0.5 hr) (1000 X)
(b) Microstructure of 2.6 % Al,O3; sample sintered for (2 hrs) (1000 X)
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CONCLUSIONS

Based on the results obtained in this paper, the following conclusions can be drawn:

. The green and sintered densities appear to follow a similar trend. As the volume
fraction of alumina increased both green and sintered densities decrease. The
theoretical values of densities also decrease as the volume fraction of Al.O3

increases.
. The hardness was found to increase slightly with increasing of the volume fraction
of Al2O:s.
. Increasing the volume fraction of Al,O3 was found to increase the percentage
porosity.
. The sintering time has a minor effect on the density and hardness of sintered
compacts.
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