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Abstract

In this study two different types of hollow sphere were examined by mechanical, geometrical and micro-
structural measurements, and the fracture force, geometrical properties and chemical composition were
determined. The diameter of the ,,01 globocer” type specimens was 2.37 mm on average, while the value for
the ,,03 globocer” type specimens was 6.88 mm, both were smaller than the nominal diameter. The average
deviation from the circularity of the 01 globocer specimens was 8 %, the value for the 03 globocer specimens
was 6 %, while the average wall porosity was 53+3 % and 56+3 % respectively. The surface of the hollow
spheres was uneven, which has an impact on the contact surfaces during pressure tests, which affects the
fracture force values. The average value of the fracture force of 01 globocer spheres was 42 N, and of 03 glo-
bocer hollow spheres was 288 N. The diameter had a bigger impact on the fracture force values of the type

01 specimens than in the case of 03.
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1. Introduction

Nowadays the reduction of a components’ mass
with the enhancement of specific mechanical
properties plays a primary role in industrial ap-
plications. Materials design methods are increas-
ingly focusing on lightweight materials consider-
ing energy efficiency and the best value for mon-
ey. Increasing the specific resistance of the struc-
ture or the equipment to compressive loads can
be achieved by using lower density and higher
strength materials, to which closed cellular metal
foams provide one of the best solutions. This com-
posite material is mainly used in vehicles as an
energy absorber or sandwich panel [1].

Metal matrix syntactic foams (MMSFs) are a spe-
cial type of closed cell foams, where the porosity
inside the metallic matrix is ensured by a second
phase or filling material. Various matrix and fill-
er materials are investigated in the literature, but

the most common type of the latter is the ceramic
hollow sphere, which can be made from mixed
oxide ceramics [2, 3], high purity and quality
alumina [4, 5] or silicon carbide [6, 7]. There are
experiments in using metallic hollow spheres [8]
or expanded perlite [9, 10] too. Syntactic foams
made with these spheres have excellent specific
energy absorbing properties and compressive
strength, but their price is relatively high [11].
The properties of the filler materials alone are
a poorly researched area, although they have a
great impact on the produced metal foams’ prop-
erties. Dong et al.,, and Ruan et al. investigated
the fracture mechanisms of thin-walled hollow
spheres during dynamical compression tests.
Both groups made compression measurements
with different sized compression tools and differ-
ent strain rates. They reported that the load speed
greatly affects the mode of the failure [12, 13].
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Song et al. examined the microstructure and
failure methods of metallic hollow spheres with
both experimental and finite element methods.
The different distribution of microporosity in the
sphere walls resulted in diverse failure modes in
each case [14].

Since there are only a few studies available on
the subject, and as other research groups have in-
vestigated the compression behaviour of material
hollow spheres other than ceramic, this research
aims at to investigate the geometrical, micro-
structural and mechanical properties of two com-
monly used ceramic hollow sphere types.

2. Materials and methods

Two types of ceramic hollow spheres were test-
ed (Figure 1.) from Hollomet during the research.
From both types, 50-50 different pieces were ex-
amined for various mechanical, geometrical and
microstructural properties.

The nominal material type, bulk density and
diameter of the investigated hollow spheres are
shown in Table 1.

First, the diameter of the samples was measured
using a Mitutoyo Absolute Digimatic CD-15DC
caliper, rotating the specimens to determine the
average deviation from circularity. Then, the
fracture measurement of the hollow spheres was
performed at the rate of 0.1 mm/min between two

Table 1. Data of the examined ceramic hollow spheres

: P oD,

Material (g/cm?) (mm)
01 globocer | AlO, C795 0,59 2,4
03 globocer | AlO, C795 0,60 7,0

Figure 1. Macro image of the investigated hollow
spheres: 01 globocer® (a) and 03 globocer® (b)

flat plates (Figure 2.). The examination was per-
formed with an Instron 5965 electromechanical
universal material testing device.

Embedded in a two-component epoxy resin,
the hollow spheres were polished up to their
centerplane, so that the wall thickness, internal
structure, porosity and the circularity of the sam-
ples were examined optically by Olympus SZX16
stereo and Olympus PMG-3 metallurgical micro-
scopes. The deviation from circularity was deter-
mined by the formula (1), with the smallest and
largest measured values D, and D respectively.

(1)

For further investigation of the morphology, a
Zeiss EVO MA10 scanning electron microscope
(SEM) was used, and the composition of the mate-
rial was determined by the microscope EDAX en-
ergy dispersive X-ray spectrometry (EDS) module.
Images were made with 20 kV accelerating volt-
age and a secondary electron detector.

3. Results

The average () and the standard deviation (s)
of the measured diameters of the hollow spheres
are shown in Table 2. It can be observed that the
samples are smaller on average than the nominal
size.

In addition to measuring the diameters with a
calliper, the circularity of the samples and the
thickness of the samples were measured using a
stereomicroscope on the embedded and polished
samples. As can be seen in Figure 3., the test
samples, although close to circular, have uneven
surfaces and wall thicknesses, which can have a

Figure 2. Mechanical testing layout
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major impact on their mechanical properties, de-
pending on the direction of the load. The average
deviation from the circularity of 01 globocer was
8 % and that of 03 globocer was 6 %.

The average thickness of the wall measured
with the microscope is 0.125 mm for 01 globocer
and 0.346 mm for 03 globocer. The data can be
used to calculate the average diameter factor re-
sulting from the ratio of internal to external di-
ameter (Table 3.).

Based on pressure infiltration technique, which
results a ~64 % filling and homogeneous filler dis-
tribution using the random close-packing theory
[15], the ratio of internal and external diameters
and theoretical porosity (P,,,,) of metal foam can
be calculated [16, 17].

The more accurate examination of surface
morphology was possible by scanning electron
microscopy (Figure 4.). Both types of ceramic
hollow spheres have an uneven surface, but the
smaller spheres are more uneven than the larger
ones. The outer and inner surfaces of the hollow

FOAM

Table 2. Diameter values of the examined hollow

spheres
01 globocer 03 globocer
(mm) 2,37 6,88
D, (Mm) 2,00 6,44
Dy (M) 2,65 7,36
s (mm) 0,13 0,22

Table 3. The diameter ratio and theoretical porosity
value of the examined hollow spheres

01 globocer 03 globocer
(mm) 2,12 6,19
0,90 0,90
Pyoan (%) 55 58

Figure 3. Cross section image of 03 globocer hollow

sphere

spheres are rough compared to their whole sizes.

The morphology of the internal porosity was ob-
served on metallurgical microscopic images (Fig-
ure 5.), and on the fracture surface of the sam-
ples’ walls (SEM) (Figure 6.).

500 pm
P

Figure 4. SEM image of the outer (a) and inner (b) sur-
face of 01 globocer hollow sphere

Figure 5. Metallurgical microscopic image of the wall
of 03 globocer hollow sphere

Figure 6. Inner poroszty of 01 globocer (a) and 03 glo-
bocer (b)



30 A. Kemény, D. Kdroly — Acta Materialia Transylvanica 2/1. (2019)

This shows that, although made of the same
material, pores in the smaller diameter hollow
spheres were larger than those found in the larger
diameter hollow spheres. The total porosity was
in opposition to this observation (for 01 globocer
53+3 % and for 03 globocer 56+3 %).

In addition a part of the hollow spheres are not
floating on the surface of the water, but sink be-
neath. This is caused by the high porosity of the
walls.

The mechanical characterization of the hollow
spheres was marked by the fracture force, be-
cause due to the unevenness of the wall thickness
of the hollow spheres, an acceptable stress value
could not be obtained. The fracture force is the
maximal force measured during the compression
tests.

Figures 7-8. show the fracture forces of the
two different sample correlated to their diame-
ter. It can be observed that in the smaller hollow
spheres, the deviation of the diameter influences
the force value associated with the failure; there
is a correlation between the two values.

Figure 7. Fracture force of 01 globocer in correlation
to the diameter values

Figure 8. Fracture force of 03 globocer in correlation
to the diameter values

Table 4. Composition of the examined hollow spheres

0 (t%) Al (t%)
01 globocer 56+4 42+3
03 globocer 49+3 5015

Table 4. shows the composition of the alumin-
ium oxide based ceramic hollow spheres mea-
sured by EDS measurement as the average of at
least 3 different spots on one sample, on the to-
tal of 3 different samples’ fracture surfaces from
each type.

It can be observed that the measured average
values show 97-99 wt% aluminium and oxygen
in the material. Also the spheres may contain 1 %
or less Si and Ca too. This value is in accordance
with the IEC 60672-3:1997 standard and the man-
ufacturer specified C795 material.

4. Conclusions

Overall, it can be stated that it is important to
have measurement data on mechanical, geomet-
rical and microstructural properties of the ceram-
ic hollow spheres — which are often used as filler
in metal foams - for engineering design purposes.
The following observations were made during
the research:

— the diameter of the 01 globocer specimens was
2.37 mm on average, while the value for the 03
globocer specimens was 6.88 mm, both were
smaller than the nominal diameter;

— the average deviation from circularity of the 01
globocer specimens was 8 %, the value for the 03
globocer specimens was 6 %);

— the surface of the hollow spheres was uneven,
which has an impact on the contact surfaces
during pressure tests, which affects the fracture
force values;

— the average wall porosity of 01 and 03 globocer
specimens was 53+3 % and 56+3 % respectively;

— the average value of the fracture force of 01
globocer spheres was 42 N, with the standard
deviation of 12.5 N, and of 03 globocer hollow
spheres, the average was 288 N, with the stan-
dard deviation of 41 N;

- the diameter had a bigger impact on the frac-
ture force values of the type 01 specimens than
in the case of 03;

- and it can be stated that both sized ceramic hol-
low spheres’ material is in accordance with the
quality that manufacturer specified.
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