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Manufacturing and processing

Purpose: The purpose of this work is to investigate the influence of reinforcing phase’s shape on structure and
properties of composite materials with aluminium alloy matrix.

Design/methodology/approach: The material for studies was produced by a method of pressure infiltration of
the porous ceramic framework. In order to investigate the influence of reinforcing phase’s shape the comparison
was made between the properties of the composite material based on preforms obtained by Al,0; Alcoa CL 2500
powder sintered with addition of pore forming agent in form of carbon fibres Sigrafil C 10 M250 UNS from
Carbon Group company and composite materials based on much more expensive commercial fibrous preforms.
The matrix consisted of cast aluminium alloy EN AC — AlSil12. The observations of the structure were made on
the light microscope and in the scanning electron microscope. The strength properties were established on the
basis of static tensile tests.

Findings: The composite materials, obtained on the basis of ceramic preforms consisted of Al,O5 particles, are
showing better strength properties in comparison to materials obtained by the fibrous preform infiltration.
Practical implications: The composite materials made by the developed method can find application as the
elements of devices where beside the benefits from utilizable properties the small weight is required (mainly in
aircraft and motorization industries).

Originality/value: The obtained results show the possibility of manufacturing the composite materials by the
method of porous sintered framework pressure infiltration based on the ceramic particles, characterized with the
better properties than similar composites reinforced with fibres.
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1. Introduction

The customer expectations and intense competition on
automotive market are putting cars' producers in front of the
increasing demands regarding the comfort and safety during the
journeys. Engineers and designers wanting to match these
expectations have to install in vehicles more and more newer and
the latest systems which are increasing their weight making them
less attractive from the economical and ecological point of view.
The solution for the described problem is modern engineering
materials among the others composite materials with light metals
alloys matrix, providing lots of desired features along with
comparatively low density. The usage of modern materials helps
designers to avoid the compromise between comfort, safety and
economical-ecological aspects and make their projects much lighter
and sustain the required parameters [1].

Composite materials are different from many others available
materials because of the possibility to design their properties
accordingly to the closest desired requirements for the condition of the
practical use. Producing and estimating the properties of the materials
isn't simple and is connected with complicated engineer's calculations
because it have be taken into consideration many parameters among
which there are: components properties, their portion, type of
connection between them, the used technique of manufacturing and its
parameters, further treatment and many others [2-5].

Composite materials depending from their destination are
produced in various different methods like casting, forming process,
powder metallurgy, forming by spraying, gas phase deposition,
CVD and others. Composite materials with oriented wires or
ceramic fibres are usually produced by a method of casting and
forming process. First of them consists in self-acting or pressured
infiltration with liquid metal preforms being the porous framework
consisted of wire's or fibre's convolution with high melting point.
Forming process method is based on preliminary parallel wire
winding on frames with further electrolytic sedimentation on the
matrix metal wire, frames folding and block's metal pressing in a
temperature which allows for diffusive connection of metallic
matrix with evenly placed fibres [5-8].

Among the most popular techniques for manufacturing the
metal composite materials it can be distinguish the already
mentioned porous preforms infiltration as the specific kind of
casting. This method connects the casting techniques (infiltration
process) with powder metallurgy (preparation of porous sintered
frameworks). Ceramic preforms are mostly made on the grounds of
long or short (trimmed) fibres, but lately it can be observed the
expansion of technologies with much more cheaper preforms
mainly consisted of Al,O; particles [8-12].

Producing the composite materials by the method of pressure
infiltration of porous ceramic frameworks brings many advantages
in which it is worth to mention the possibility of producing the
locally reinforced elements with a near net shape and a good quality
of surface, high performance of the process with low production
costs as well as short time of contact with liquid metal with
reinforcement what often prevent its degradation. These benefits of
the described technology have interested numerous group of
research centres in many countries of the world what resulted in
various scientific works [12-15] and practical implementations on a
large industrial scale.

The purpose of this paper is to compare the structure and
properties of the composite materials produced by the method of
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pressure infiltration of porous ceramic frameworks obtained by the
sintering of ALO; powder with the composite materials on the
grounds of much more expensive commercial fibrous preforms.

2. Experimental procedure

The material for investigation was produced by he method of
pressure infiltration of porous ceramic frameworks with liquid
aluminium alloy. The composites matrix consisted of euthetic alloy EN
AC — AlSil2 and as the reinforcement the porous ceramic frameworks
waere used accordingly consisted of Al,O; particles and fibres.

Ceramic preforms from AlLO; particles were produced by
Aloca CL 2500 powder sintering method with addition of pore
forming agent in form of carbon fibres Sigrafil C 10 M250 UNS
from SGL Carbon Group company. The properties and chemical
composition of the used ceramic powder are shown in Table 1.
Producing the ceramic preforms included preparation of powder
and carbon fibres mixture, their pressing and sintering. The Al,O;
powder was wet grinded in ball mill to destroy particles
agglomerations. Into the suspension the 40% addition of mass
carbon fibres were added and polyvinyl alcohol Moviol 18-8
soluted in water (binding agent). Mixture of powder prepared in
such a way was dried by freezing and water sublimation in low
pressure. Dry powder was sieve through a sieve No 250 um, and
then placed onto the flat surface and sprayed with destilated water
to activate the polyvinyl alcohol. After 24h the powder was
submitted to uniaxial pressing with laboratory Fontune TP 400
hydraulic press fitted with 45x65 mm. steel form. The pressure was
100MPa and pressing time was 15s. Mouldings were sintered in
“Gero” pipe furnace in air atmosphere (20 I/min). The temperature
during the sintering process was ensuring the carbon fibres
degradation (heating by 10h in temp. 800 °C) and Al,O; powder
sintering in temperature of 1500 °C by 2h. The portion of the porous
(ceramic phase) in preforms was established on the basis of
geometric measurement of their weight with the known ALO;
particles density. The porosity of the received semi-finished
products was around 75% (25% for the ceramic phase). For the
comparison of properties of the composite materials on the grounds
of the produced frameworks with materials reinforced by fibrous
preforms for further studies the commercial semi-finished products
were used with 25% portion of Al,Os fibres.

Both type of preforms were heated in furnace to temperature of
800 °C. Covered by graphite form was warmed up to 450 °C
(maximal temperature of the press plates) and then fulfilled with
preform and liquid alloy EN AC — AlSil12 with temperature of 800
°C. The whole was covered by the stamp and placed in hydraulic
plate press Fontune TP 400. Pressing speed was 17 mm/s and
maximal pressure was 100MPa. After 120 s the weight was
removed and the samples removed from the form were cool down
under pressured stream of air.

Metallographic examinations of the composite materials with
aluminium alloy EN AC — AlSi12 matrix reinforced by Al,O; fibres
and particles were made on the light microscope Zeiss Axiophot to
exam the structure and infiltration level.

Fractography examinations of the composite materials were
made on the scanning electron microscope Zeiss Supra 25.

The static tensile tests were made on the universal strength
machine Zwick Z100 at the room temperature accordantly to PN-
EN 10002-1:2004 standard [16].
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Table 1.
Properties and chemical composition of Alcoa CL 2500 powder
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Mean mass concentration of elements, wt.%

Diameter Density,
3
D50,um glom ALO; Na,O Fe,05 Si0, Ca0 B,O, Others
1,80 3,98 99.80 0,05 0,02 0.01 0.01 0.01 0.10

Signal A =InLens
Mag = 10.00K X

EHT = 10.00kV.

EHT =1500kV
WD= 7mm

Signal A =InLens
Mag = 10.00 K X

Fig. 1. Structure of the composite material with the aluminium alloy matrix reinforced with: a) the Al,O; ceramic particles and b) fibres c),

d) microstructures of the fracture, respectively

3. Experimental results and
their discussion

The metallographic observations of the obtained composite
materials based on preforms consisted of Al,O; particles (Fig. 1a)
as well as fibrous preforms (Fig. 1b) allow to notice the evenly
distribution of reinforcing phase in the matrix. Moreover, on the
base of the structure of both materials it can be forecast that the
composite material reinforced by ceramic particles, will have
higher crack resistance along the grain boundaries metal-ceramic,
because every particle is a barrier for spreading crack however
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along the fibre this process will occur on the comparatively long
distance (fibre's length) without any obstacles.

On the basis of fractography observations (Fig. 1 c, d) it was
found that infiltration process takes place at full level what have
been proved by the lack of pores not filled with metal. Fracture
has mixed characteristic, elastically deformed matrix around the
reinforcing phase and brittle on the metal-ceramic boundaries.

On the base of static tensile tests the strength of the obtained
composite materials and the matrix material (EN AC — AlSil2
alloy) were established. The matrix is characterised by 198MPa
tensile strength, used fibrous reinforcement with 25% volume
fracture of fibres improves this parameter up to 234MPa, however
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the material based on the developed preforms is characterized by
289MPa strength. In the last case the main mechanism which
improves the tensile strength is most probably dispersion
strengthening. Small Al,O; particles with 1 — 2 um diameter stop
dislocation movement in the matrix improving its properities.

4.Conclusions

The observations of the obtained composite materials
structures shown uniform distribution of reinforcing phase in the
metal matrix. It has also been proven that pressure infiltration is
taking place at full level what confirms lack of pores in the
material. Moreover it also says that pores in preforms have the
open character and their dimensions allow the liquid metal to
flow. On the base of the static tensile test it could be observed
significant increase of the strength of the material based on the
ceramic preform consisted of Al,O; particles in comparison with
the matrix. This material is characterised also by the better
strength in comparison with the similar reinforced material with
much more expensive ceramic fibres.

It has been proven that the developed technology of
manufacturing the composite materials based on pressure
infiltration of the porous framework sintered with liquid alloy of
aluminium EN AC — AlSil2 provides the required structure and
increases the strength over 50% in comparison with matrix.
Moreover the materials based on the developed ceramic preforms
are characterized by the better strength than the materials
reinforced with fibrous preforms and without any doubts can be
used as cheaper alternative material. Further studies over the
developed material are still in progress in order to describe the
tribology properties and corrosion resistance level.
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