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ABSTRAC

Purpose: The aim of this work is to examine the structure and properties of metal matrix composites obtained by
infiltration method of porous ceramic preforms by liquid aluminium alloy.

Design/methodology/approach: Ceramic preforms were manufactured by the sintering method of ceramic
powder. The preform material consists of powder Condea Al,O5 CL 2500, however, as the pore forming the carbon
fibers Sigrafil C10 M250 UNS were used. Then ceramic preforms were infiltrated with liquid eutectic EN AC
— AlSi12 aluminum alloy. Stereological and structure investigations of obtained composite materials were made on
light microscope. The mechanical properties of obtained composite material were investigated in tensile strength
test and hardness test.

Findings: It was proved that developed technology of manufacturing of composite materials based on the porous
ceramic Al,O5 preforms infiltrated by liquid aluminium alloy ensures expected structure and strength Hardness
increased about twice compared to the matrix and this process can be used in practice.

Practical implications: The presented metal matrix composites fabrication technology allows to obtain locally
reinforced elements and near net shape products.

Originality/value: Results show the possibility of obtaining the new aluminium matrix composite materials
being the cheaper alternative for other materials based on the ceramic fibers.
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1. Introduction

For many years composite materials have been widened their
share on the engineer materials market and what is even more
important a demand for them is constantly increasing in
quantitatively and qualitative way. Thanks to researches all over
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the world, the technological difficulties, associated with
manufacturing processes, are overcame, particularly for the
composite with metal matrix. More over the spectrum of the
design rules and the properties improvement of these material
group have been bounded.

For the last few years the researches have been led over the
composite materials with metallic matrix on the base of light


http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org

metals and theirs alloys. The researches were devoted to design
process as well as manufacturing and special processing of these
materials. Currently it is known that composite materials with
aluminum matrix enriched with constant strengthening phase are
widely used in aeronautics or astronautics (high resistance as well
as proper stiffness).

Manufacturing process of the composite materials is
connected with high costs and complicated methodology of
manufacture [1,3,6,7,12]. According to these problems new
researches have been stared to find new manufacturing
techniques. It is the reason for examining the composites with
aluminium  matrix  strengthened with  Al,O; particles.
Manufacturing of these types of composites brings together
casting methods as well as powder metallurgy. These modern
methods allow to enter new manufacturing ways that enable
obtaining composite materials with better values of demanded
properties. Manufacturing process simplification impacts on
reduction of the costs connected with preparing semi-finished
products and production [1,9,10,16].

Taking into the consideration the manufacturing industry one
can notice two directions of development of the manufacturing
technology of composite materials: powder metallurgy [1,5,6,20]
and casting methods - the pressure infiltration of the porous
ceramic semimanufactured articles (the preform) with liquid
metals alloys.

Currently with these method composite materials with
metallic matrix are manufactured. It has response in many
scientific papers, it which aim is its improvement and continuous
modernization [4,5,13].

The usage of infiltration process as the high-profitable
technology is a base of getting the wide range of composite
materials and allows to obtaining the following technological-
organizational profits [12,14,19]:

o the possibility of obtaining the composite products of precise
shape mapping and the high-quality surface (near net shape),
e adaptation of the process to the mass scale production,

free variability of reinforcing phase and matrix material,

e high-productivity process with relatively low-cost of
production,
e the possibility of local reinforcement of the product [5,6].

The ceramic preforms, being a framework, are the base of the
composite materials manufactured by infiltration method. These
preforms mainly determine the structure and the properties of the
final product. The properly manufactured semi-finished product
should be characterized by the structure of open joined canals
allowing the liquid metal to flow as easily as possible. The
occurrence of the closed pores or blind canals causes formation of
areas with no metal [3,6,14,15].

Composite materials on the light metals alloys matrix have
some specific types which are still in the areas of researches and
observations. This type of materials are specially used in aircraft
and electric industry and in many others areas. Nowadays
engineers use more often composite materials which bring
together advantages of components they were made of
[1,2,7,18,20].

The aim of this paper is investigation of selected strength
properties as well as structure of modern composite materials with
matirix of EN AC-AISil12 alloy manufactured with pressure
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infiltration of porous ceramic skeletons obtained with method of
metallurgy of the powder Al,0; Condea C1 2500 with the addition
of pores and canals structure forming agent in the form of carbon
fibres Sigrafil C10 M250 UNS of Company SGL Carbon Group.

2. Experimental procedure

Materials were obtained in the pressure infiltration method
with liquid metal alloys EN AC-AlSil2. The chemical
composition of the alloy is shown in the Table 1.

Table 1.
Chemical composition of EN AC-AIlSil2 aluminium alloy (PN-
EN 1706:2001)

Mean mass concentration of elements [wt.%]

Si Cu Mg Mn Fe Ti Zn Ni Pb

12 <0.15 <0.1 <0.55 <0.65 <0.2 <0.15 <0.1 <0.1

The base of the composite material manufactured by
infiltration method are ceramic performs which should be
characterized by open pores structure that enables liquid alloy
flow. More over the semi-finished product should have
appropriate resistance not to get in strains and cracks during
infiltration what could lead to heterogeneity of the structure of the
final material [1,5,6,10,15,19].

The obtained ceramic preforms were measured and weighed
on the assumption that their composition consists of Al,O;
Condea CL 2500 with density 3,98g/cm® for a calculation of the
amount of ceramic phase fraction and therefore its porosity. The
chemical constitution and diemeter of the powder Al,O; Condea
CL 2500 are shown in the Table 2.

Table 2.
Chemical composition and particle diameter of Al,O; Condea CL
2500 powder

1 0,
Diameter D50, Mean mass concentration of elements [wt.%]

um

A1203 NHQO FeZO3 SIOZ CaO B203 Others

1.80

99.80 0.05 0.02 0.01 0.01 0.01 0.10

The ceramic preforms were manufactured by sintering of
Al,0O3 Condea CL 2500 powder with the addition of pores and
canals structure forming agent in the form of carbon fibres
Sigrafil C10 M250 UNS of Company SGL Carbon Group. The
course of sintering process is presented in Fig. 1. The properties
of used carbon fibers are shown in Table 3. The addition of the
carbon fibers was 30, 40 and 50 % of weight, pressed under
pressure of 100 MPa.
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Fig. 1. Temperature performance during the sintering process

Table 3.
Properties of Sigrafil C10 M250 UNS carbon fibers [2]
Fiber Mean Fiber Tensile  Youngs  Carbon
. fiber .
diameter leneth density  strength modulus content
pm g g/em’ GPa GPa %
pm
8 135 1.75 2.5 26 >95

The researches in regards to the mechanical properties were
led, i.e. tensile strength test and measurement of hardness and

metallographic  investigations which contain stereological
investigations as well as metallographic microscopic
investigations.

Tensile strength test was carried on testing machine company
ZWICK/Z100.

The test was carried on specimens obtained from respectively
30, 40, 50% addition of carbon fibers, pressed under the pressure
of 100 MPa for 15 s. The specimens were cut appropriately and
prepared for investigation (Fig. 2). The dimensions of these
specimens are not normalized because the overall dimensions of
the material from which they were obtained were too small — they
were discs with diameter of 30 mm.

The test was carried out according to the standard PN-EN
10002-1:2004. During the test on testing machine the graph of
stretching tension — extension was recorded and tensile strength
was determined.
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Fig. 2. Scheme of the specimen prepared for the tensile strength
test (dimension in mm)
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The basis for determining hardness with this method is
measure of the permanent (permanent depth increase of the
imprint h) after removing the basis load, but with initial load. The
results are in HRA units on adequately scaled sensor.

The test was led for three specimens on the basis of perform
obtained from respectively 30, 40, 50% addition of carbon fibers
pressed under the pressure of 100 MPa for 15 s and one specimen
of the matrix material. The specimens were prepared in the way
which provides smooth, flat, regular surfaces and without any
contaminations and foreign bodies where the measure was taken.

Hardness was measured in ten separate places (for every
specimen) and the average value was determined. The test was
taken out according to the standard PN — EN ISO 14577-1;2003.

The investigation of the volume share of the ceramic phase
was carried out with computer application LEICA QWin which
analyses the images. It cooperates with metallurgical microscope
Axiovert 405M produced by OPTON. The image is observed on
the camera JVC TK type — C1381EG, and then transmitted to the
computer where it is analyzed with application mentioned above.

The aim of that test was to compare volume share of the
ceramic phase determined with evaluations and the one that was
obtained during experimental investigation. The test was led for
three specimens on the basis of performs obtained from
respectively 30, 40, 50% addition of carbon fibers pressed under
the pressure of 100 MPa for 15 s.

To determine the theoretical volume share of the ceramic
phase the dimension and the mass of the preforms need to be
known.

To determine the theoretical volume share of the ceramic
phase the dimension and the mass of the performs need to be
known as well as material used — in this particular case the density
of the Condea C1 2500 powder is equal 3.98 [g/cm’].

When we have gathered values mentioned above we are able
to evaluate what would be the volume of the solid material
without the pores. To do that we use the equation:

m
V =—
P )

where:

V — volume [cm®]
m — mass[g]

p — density [g/cm’]

In the next step the real volume of given perform is divided
by the volume obtained in the previous step and multiplied by
100%. In this way the volume share of the ceramic phase is
determined. Metallographic observations of the composite
materials with a diversificated volume of the ceramic phase were
carried out on the light microscope MEF4A type Leica with a
magnification 100-1000x.

Metallographic specimens were not etched to observe the
structure (ceramic phase distribution in the metal matrix) and the
infiltration degree.

Fractographic examinations of obtained composite materials
were made on the Zeiss Supra 40 scanning electron microscope.
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3. Results and discussion

The results of the tensile strength test carried out on testing
machine ZWICK/Z100 are presented in Table 4 and the graphic
mapping is shown in Fig.3.

Table 4.
Tensile strength and hardness of obtained composite materials
with different ceramic fraction

Composite material with different
volume fraction of ceramic phase

Properties Matrix
18.80%  2430%  29.50
Hardness
e 21.80 37.73 45.84 51.01
Strength, 55146 21986 27699 30147
MPa
350
300 —
250
% 200
s
g 1501
7
100 1
m 4
O A
0 18.80 24.30 29.50

Amount of ceramic phase

Fig. 3. Tensile strength of obtained materials versus ceramic
phase fraction

On the basis of carried out experiments obtained composite
materials one can conclude that with increasing the strengthening
particles (ceramic phase) impedes the deformity engineering
materials and increase its resistance.

Investigated material did not deform plastically dry. On the
basis of the test led on hardness measuring instruments
ZWICK/ZHR obtained composite material one can notice that
hardness significantly increased in comparison to the matrix
material EN AC-AISi12.

More over one can observe increase of the investigated
material hardness in regards to the increasing the volume share of
the ceramic phase.

The results are shown in Table 4 and the graphic
interpretation is presented in Fig. 4.
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Fig. 4. Hardness of obtained materials versus fraction of the
reinforcement

Geometry and quantity measurements as well as sterological
researches of the ceramic preforms manufactured by powder
sintering with the 30, 40 and 50% volume fraction of the carbon
fibers enabled to determine the volume fraction of the ceramic
phase of the pore material, what is shown in the Table 5. The
graphic interpretation is shown in the Figure 5.

Table 5.
Ceramic phase volume fraction in performs obtained from
powders with different carbon fibers addition
Carbon fibers Volume ceramic phase Surface ceramic phase
content [wt.%] fraction [%] fraction [%]

30 29.50 31.70
40 24.30 25.25
50 18.80 21.05
35
20 O Surface ceramic phase fraction
E H VVolume ceramic phase fraction
2 25
c
2
S 20
9
& 15
<
o
Q
£ 10
s
S 5
o

30% 40% 50%

Carbon fibres content [wt.%]

Fig. 5. Comparison of volume fraction and surface fraction of
ceramic phase in preforms obtained from powders with different
carbon fibers addition
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Fig. 6. Microstructure of fracture of obtained composite material
with different portion of ceramic phase: a) 29.50%; b) 24.30%;
c) 18.80%

The difference between the surface volume of the ceramic
phase obtained in the stereological investigations and the volume
fraction on the assumption that the particles are uniformly placed
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and chaotically overlapped can interpret as difficulties result of
the program image analysis calibration. Small pores around the
ceramic particles weren't identified as matrix, but as
reinforcement phase what is a prove that its volume is bigger than
the calculation points [2,3,4,12].

Fractographic examinations of fractures of the composite
material obtained by infiltration of the porous ceramics reveal that
the liquid aluminium alloy fills the micro-pores entirely around
the Al,Os5 particles. The observed images are shown in Fig. 6.

The results of the metallographic investigation of the
composites materials on the base of the pore ceramic obtained by
infiltration of aluminum alloy are showed in Figures 7 a-f. The
observations enabled to state uniform distribution of the ceramic
phase in the metal matrix. Additionally the decrease of ceramic
phase occurrence with the increase of the carbon fibers amount in
composites materials can be seen (Figs. 7 a-c).

On the basis of the pictures taken by bigger magnification
(Figs. 7 d-f) we were able to state that the infiltration process was
completed. All pores and crevices were fulfilled with liquid
material of the matrix (aluminium alloy EN AC-AISil2),
additionally it can by noticed that even microspores formed at the
border of the ceramic particles under the influence of pressure
occurring during the infiltration process are fulfill tightly.

More over it is necessary to mention that sections of the
samples observed on the metallographic microscope are parallel
to the acting direction of the applied force during the compacting
process. Because of that in the pictures circle pores can be seen
more often than oblong grooves reflecting fibers cross-section.
They reflect the diameter of the carbon fibers formed in the place
of the burning process. It proves that carbon fibers during the
compacting process are more likely to be set in the perpendicular
to the direction of the compacting forces acting.

4. Conclusions

On the base of investigation carried out it can be shown that
the hardness of obtained composite materials significantly
increase in regards to the matrix material. The growth is
proportional to the portion of ceramic phase in the material. There
was also found the dependance between composite materials
strenght and the volume fraction of ceramic phase in preforms.
The values obtained during these tests enables to conclude that
increase of the ceramic particles fraction impedes the deformation
of the composite materials.

Presented calculations and stereological measurements show
that there is a possibility to manufacture by proposed method
composite materials with the volume of ceramic phase in the
range of 18.80-29.50%. The metallographic observations of
composite material manufactured by infiltration of ceramic
structures with liquid aluminium EN AC-AlSil12 show that the
reinforced phase in matrix is uniformly distributed. More over it
can be concluded that if the process of infiltration was complete,
all micropores created between ceramic particles and crevices are
fulfilled with liquid matrix material. It was proved that developed
technology of manufacturing provides apropperiate structure
composite materials and can be applied in practice.
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Fig. 7. Structure of not etched composite materials with aluminium matrix reinforced by different amount of ceramic phase: a, b) 29.50%;
c, d) 24.30%; e, ) 18.80%

Results mentioned above confirm the possibility of obtaining advantages of the material components. More over they are cheaper
the pressure infiltration of the porous, ceramic preforms with liquid alternative for widely used composite materials with matrix built of
alluminium alloys new materials with properties that bring together light alloys reinforced with ceramic on the basis of fibers.
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