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Process for obtaining synthetic foam with aluminum
matrix Al-5052 by method of tixoinfiltration

Abstract

The metallic foams have lower density, and important physical, mechanical, thermal
and acoustic properties, has been highlighted in its use in innovative technologies. As a
subgroup of the class of metallic foams, the syntactic metallic foams which consists of the
addition of hollow ceramic balloons in a metallic matrix in aluminum Al-5052 by process
of tixoinfiltration. The microstructure was studied by optical and electron microscopy
extended by energy-dispersive X-ray spectrometry, while the basic mechanical properties
were mapped by standardized compression tests. Therefore, a syntactic foam design was
developed in this work, where we obtained a 30% reduction in density and a reasonable
increase in hardness due to the homogeneous dispersion of the ceramic balloons.
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Introduction

Throughout history society has been in need of a continuous
technological development as a way of meeting the challenges that
human evolution itself imposes was explored by Banhart J.! One of
the main areas related to this advance is the design and improvement
of materials and alloys, since the emergence of new technologies and
applications results in the need for improved material characteristics
such as increased mechanical strength, high temperature resistance,
weight reduction, better resistance to harsh environments, among
other properties. As a result of these factors, research centers have
devoted time and resources to developing new engineering materials.
Metal foams are a new class of materials that have emerged due to
these needs, having as characteristics a material with lower density,
and innovative physical, mechanical, thermal, electrical and acoustic
properties. A subgroup of the class of metallic foams is the syntactic
metallic foams as reported by Gupta et al.,> which consists in the

Table I Chemical Composition of Al5052 Alloy

addition of hollow ceramic particles in a metallic matrix. In this
work a design of syntactic metallic foam is developed, aiming at
reducing density and improving mechanical properties associated
with structural applications. It has been produced by adding ceramic
micro-balloons to an aluminum matrix by process of tixoinfiltration.
The matrix material is usually an aluminum alloy, which has low cost
and density, but currently other matrices have been studied, such as
zinc, iron and others according Luong et al.?

Metallic alloy used

The alloy used in the metal matrix was the commercial aluminum
alloy Al 5052, which has magnesium as its main alloying element.
The main factors that led to their choice were their wide commercial
use, their excellent corrosion resistance in the marine atmosphere,
and their potential reliability, which will be further explained below.
The values used as reference for alloy characteristics and properties
are derived from the Metals Handbook.* The material used had its
chemical composition determined (Table 1) by the atomic emission
spectrometry equipment (EEA).

Element Si Fe Cu Mn

Mg Cr Ni Zn Ti Al

% wt 0.12 0.309 0.0067 0.028

1.882

0.171 0.0041 0.026 0.021 Balance

The possibility of processing semi-solid metal alloys depends
on their suitability, that is, on the ability to control the relationship
between the liquid and solid fractions of the thixotropic mixture,
as well as the range of solidification of the alloy and the sensitivity
of the liquid fraction with the temperature according Manonukul
et al.’ In this work we used the differential exploratory calorimetry
thermal analysis (CED), Figure 1, in which the black line represents
the heating and cooling curve during the test, which was performed
at a thermal variation rate of 5°C/min, and the blue curve represents
the change in energy over time. The determination of the thermal
parameters of the alloy is made from the energy flow curve by the
temperature, finding the inflection points in the curves of their first
and second order derivatives.

The found values of temperature T, = 607°C and T 1 =049°C
are consistent when compared to the theoretical reference values
in the Metals Handbook (T ., =607°C and T, .. =649°C). From
empirical tests, liquid fractions between 75% and 80% of the
thixotropic mixture result in better process conditions. Therefore
the temperature of 644°C was selected as the working temperature
because it had 78.14% of liquid fraction in this condition. Several
components have been investigated to compose metallic matrices, but
hollow ceramic spheres have been the most effective. So much so that
Santa Maria et al.’and Ferguson et al.” produced Al O, hollow sphere
reinforced syntactic aluminum matrix foams and determined that the
foam strength is a function of the charge intensity to particle size ratio.
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Figure | Differential exploratory calorimetry test curve of the Al 5052 alloy
containing the variation of energy flow (blue color curve) in the sample during
heating and cooling, and temperature (black color curve), both as a function
of time.

Ceramic balloons

The ceramic micro-balloons used come from the coal combustion
by-product, known as Fly Ash, because they have a hollow structure
and a density between 0.6 and 0.8 g/cm?. They are ideal to be applied
in the production of metallic foams syntactic. The balloons used in the
work were separated by sieving and the different acquired portions
were analyzed by scanning electron microscopy (SEM), Figure 2, for
the quality and dimensions of the balloons as reported Orbulov.® The
100 grit size was chosen because it presented better quality and size
of the balloons, having average dimensions A (balloon length) and
B (width) of 266.185 um and 197.745pum, with a wall thickness of
2.5um. obtained from a simple mean statistical analysis of the values
measured by the SEM test.

EHT =20.00 kV
WD =125 mm

Signal A = SE1
Mag= 50X

Date 21 Aug 2018 WPR

Figure 2 SEM of Fly Ash substrate balloons.
Tixoinfiltration process

In a steel mold machined for the procedure, two aluminum alloy
discs were positioned, and a 5% by weight portion, relative to the
aluminum portion, of Fly Ash balloons between these discs. The
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assembly was baked at a heating rate of 5°C/min until it reached a
working temperature of 644°C, which was measured by a K-type
thermocouple in direct contact with the upper aluminum alloy disc.
After reaching the working temperature the assembly underwent an
infiltration process using a hydraulic press, and the infiltration force
was limited to 5 kN to prevent balloon collapse during the process.
The product obtained in this process is shown in Figure 3, and the
excess aluminum present is subsequently removed by the machining
process.

Composite blocks should be produced and characterized in
accordance with the current standard for compression of cellular
materials to ensure full comparability as reported by Szlancsik et al.’

Figure 3 Sandwich panel with syntactic foam interior obtained by the
thixoforming process at infiltration temperatures above 644°C.

Results and discussions

It was possible to obtain an aluminum syntactic foam by
tixoinfiltration process, as can be observed by the microscopy of
Figure 4, from the analysis of the same it was possible to observe
a homogeneous distribution of the balloons in the metallic matrix
and their total anchorage, showing no defects in the interface of
the ceramic balloon with the matrix according Orbulov et al.'” By
analyzing the images using Image J software, using the binarization
tool it was possible to determine the average porosity and to calculate
the approximate value of the obtained density 45% and 1.8g/cm’.

Figure 4 Optical microscopy of metallic foam with 5 times magnification.

For mechanical property analysis the Vickers hardness test was
performed, the results are presented in Table 2. The test was performed
following the ASTM standard E 384'" with 100 gf of preload, with
the results obtained it can be seen that the material had a Reduction
of its hardness when subjected only to the tixoinfiltration process
since recrystallization of the grains that were deformed due to the
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lamination process in the production of the base material, but in the
foam region, the hardness in the metallic matrix increased.

Table 2 Vickers hardness test values measured

Measure | Measure 2 Measure 3
Material laminate 63 HV 65 HV, 67 HV,
Material tixconformad 60 HV 60 HV, 60 HV
Foam metalic 70 HV 75 HV,, 75 HV

Conclusions

The results obtained for the production of metallic foam were
satisfactory, since it was possible to determine the optimal parameters
for the production of a foam with homogeneous distribution of the
particles, which generated a reduction of approximately 30% of
density with respect to aluminum matrix. Also, it was possible to
observe a 10 to 13% increase in microhardness in relation to the
laminated and thixconformed material.
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