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Abstract:

For production of lightweight components, cellular materials offer attractive
potential. Here, manufacturing of sintered bodies from bronze hollow spheres
is described. The process starts with fabrication of hollow copper particles by
cementation of Cu on iron particles. The still fragile Cu shells are
consolidated by coating with Sn and subsequent gravity sintering. The
resulting specimens exhibit a closed cell bronze structure with rather
consistent morphology and cell wall thickness. The apparent density may
range between 1.5 and 3.0 g.cm"3 and can be controlled by variation of
particle size and wall thickness. The mechanical behaviour of the structures
esp. during compressive loading is described and related to the
microstructural parameters.

Keywords:

Powder Metallurgy, chemical deposition, metals, bronze, cellular structure,
properties, production

1. Introduction:

Porous lightweight materials have found increasing interest for various
applications. This is due to the fact that natural cellular structures such as
wood or bone (1) offer very attractive strength-to-weight ratios. In particular
lightweight Al foams which in principle have been known for decades (2)
have been produced and are being tested for vibration damping, energy
absorption, etc. (e.g. 3, 4). The standard manufacturing process here is
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consolidation of AI-TiH2 powder mixes with foaming above the melting point.
The materials thus generated are characterised by fairly thin walls between
the cells and by density and cell size gradients from the surfaces to the
interior.

Cellular structures with more regular structure might be accessible by using
already hollow powder particles (e.g. 5, 6, 7) for lightweight structures with
possibly thicker and better defined walls. The problem here is mostly the
manufacturing - and processing - of the particles. More or less hollow powder
particles are found e.g. in RZ powder (8, 9) in which however the
reproducibility of the structure is prohibitively poor. Thin-walled hollow
particles of different metals have been produced (e.g. 6, 10) which are
however difficult to obtain in small diameters. The thin shell also makes them
mechanically weak.

Thick-walled and thus stronger hollow particles might be of interest for less
extremely lightweight but mechanically stronger components. It has been
found that for moderate density PM structural parts, which contain almost
exclusively interconnected porosity, the mechanical strength is almost
exclusively determined by the geometry of the sintering contacts. With
increasing porosity the cross section of the contacts decreases much faster
than the relative density (11), and higher porosity results in a lower strength-
to-weight ratio since the particle cores do not contribute to strength but are
only dead weight.

This unsatisfactory behaviour might be remedied by making the powder
particles themselves lighter without changing the geometry of the sintering
contacts. Within this work, the manufacturing of hollow spheres for model
investigations and the structure and some properties of gravity sintered
specimens made from such powders are described.

2. Experimental:

Manufacturing of Cu hollow powder

Since considerable experience had been gained previously with powder
coating by cementation (12, 13), deposition of copper on spherical Fe-
particles by cementation with subsequent dissolution of the remaining iron



316 GT38 S. Strobl et al.
15' International Plansee Seminar, Eds. G. Kneringer P. Rddhammer and H. Wildner. Plansee Holding AG, Reutte (2001), Vol. 3

was regarded attractive. Cementation of Cu on Fe is very fast and simply
done and could be used in an industrial scale without larger difficulties.
As starting materials, spherical Fe powders were produced from iron oxide
obtained in pickling acid recovering plants following the fluidised bed line.
This oxide was reduced in flowing hydrogen for 6 hrs at 800°C to result in
similarly spherical iron powder (Fig.1). After screening the fraction between
710-500 urn was used. Coating with copper was done by pouring the powder
into a CuSO4-solution the Cu content of which was adjusted such as to result
in the desired Cu content of the coated powder (taking into account the
amount of Fe dissolved). The suspension was stirred carefully until the blue
solution had been completely discoloured.

It was found that considerable amounts of copper could be deposited on the
Fe particles; even complete replacement of Fe by Cu was possible. The
deposited copper layers are apparently sufficiently porous to enable diffusion
of the Fe ions from the Cu-Fe interface into the solution (see Fig.2a). Since
Fe is dissolved inwards and Cu builds up outward, the cavity in the materials
is approx. the size of the original Fe particle. If there would be a solid Cu
shell, the ratio external to internal radius of the shell R/r could be
approximated as about 1.26, i.e. the shell thickness is 0.26 r. Since the shell
is however highly porous (which is necessary to remove the Fe2+ generated)
the external radius is larger and is not so clearly defined while the internal
one can be clearly seen from the micrographs (Fig.2b).

Since the particles are very weak and difficult to handle, a strengthening
treatment was regarded necessary. This was done by annealing at 800°C in
H2 atmosphere which causes reduction of oxides and also some sintering
within the shell (although the morphology is not significantly changed),
resulting in mechanically more reliable particles that could be handled more
safely (Fig.3).

Measurements of external and internal radius and wall thickness of a typical
annealed Cu hollow sphere showed that R/r ( = D/d = 752 um/590 um = ) is
1,27 (calculated value 1,26) and wall thickness is 78um (calculated 0,26 r =
0,26 295 urn = 76,7 urn).
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Fig.1a: Fe from Fe2O3, SEM

Fig.1b: Fe from Fe2O3 (cross section )
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Fig.2a: Cu hollow sphere, SEM

Fig.2b: Cu hollow sphere (cross section)
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Fig.3: Cu hollow sphere, annealed (800X, 1 h, H2)

Nevertheless, gravity sintering of these particles in ceramic moulds showed
that very weak bonding was attained. Another disadvantage is the poor
packing density attained even after careful tapping: the rough surfaces cause
too much friction between the particles to give reasonable packing density of
the spheres. Therefore, sintering activation as well as smoothening of the
surfaces was regarded necessary (12).

Production of bronze based hollow spheres and parts

Both results were expected to be obtained by liquid phase activation. This
could most easily be done by introducing tin to the system, tin bronze of the
type Cu-10%Sn being commonly used e.g. for gravity sintering of filters.

Addition of tin as fine powder with subsequent sintering was not successful
since even distribution cannot be attained by admixing. Therefore, also here
a coating process was selected. After heat treatment (Fig.8, 2nd.step) the Cu
hollow spheres were tin coated in aqueous solution (Fig.8, 3nd.step). It
showed that in a single step process, maximum Sn contents of 5 mass% can
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be introduced, the Sn layer apparently acting as a barrier against further
deposition. If more Sn is to be added, an intermediate anneal at 700°C in H2

has to be done to dissolve the deposited Sn; afterwards, a second deposition
run is possible by which Sn contents >10% can be attained ((Fig.8, 2nd. and
3nd.step must be repeated). Materials Cu-5%Sn, Cu-10%Sn, and Cu-14%Sn
were obtained with reproducible results (Fig.4).

Fig.4: Annealed Cu hollow sphere coated with 5% Sn

If the Sn coated powders are tapped into moulds and gravity sintered, cellular
structures with sufficiently strong sintering contacts are attained (Fig.5, 6). Of
course, the sintering temperature has to be carefully selected according to
the Sn content; at too high temperatures, large amounts of liquid phase result
in unwelcome densification (Fig.7).
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Fig.5a: Cu-10%Sn, 800°C, 3hrs, H2

Fig.5b: Cu-10%Sn, 800°C, 3hrs, H2
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Fig.6: Cu-5%Sn, 900°C, 3hrs, H2

Fig.7: Cu-14%Sn, 800°C, 3hrs,
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The procedures described above will be shown in the following process
scheme (Fig.8):
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Fig.8: Flow sheet for manufacturing bronze cellular materials

3. Properties of bronze cellular structures:

Cylindrical samples with two compositions Cu-5%Sn and Cu10%Sn and a
reference material (spherical bronze powder 89/11, fractions between 500-
710um, produced by NA) were tapped into ceramic moulds and gravity
sintered in a pusher furnace for 3 hrs. in flowing H2 at different temperatures,
which depend on the composition.
The density of the bronze bodies was measured - with two different methods:
Archimedes-principle or dimensional measurements - and the relative
densities prei (= psampie / Ptheoreticai) were calculated. The results can be seen in
Table 1. Naturally, the hollow sphere samples show lower density compared
with that of the reference material.
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Table 1

Density of Cu-5%Sn, Cu-10%Sn and BZ89/11 sintered bodies, 3 hrs., H2

Sample

Cu-5%Sn

Cu-10%Sn

BZ 89/11

ST
[°C]

900

800

800

Density
[g/cm3]

2,06

1,82

5,97

Density(theo)
• i [g/cm3] ;:

8,86

8,76

8,76

Density(rel)

0,23

0,21

0,68

Porosity
% :

77

79

32

Useful application of cellular materials requires more detailed information on
their mechanical behaviour. These materials can be characterised by their
low density and their large surface area. The large pore volume minimises
the load-bearing cross section. So, cellular solids usually can not stand high
tensile forces. Therefore deformation experiments are conducted in e.g.
compression (14).
Compression-tests were performed with cylindrical Cu5%Sn- and Cu10%Sn-
bodies (preparation described before) and the resulted compressive load-
deflection curves are shown in Fig.9. For static compressive tests an
INSTRON universal tester was used, cross-head speed was 0,2mm/sec. It
can be seen that the compressive stress-strain curves obtained from sintered
bronze hollow spheres were smooth and there was no horizontal or
significant flat plateau region.
There are several reasons or their combinations for such behaviour of stress-
strain curves: higher relative densities of the samples, closed-cell character
of the solids, ductile material of the cell walls etc. (14).
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Fig.9: Compressive load-deflection curves for sintered bronze hollow spheres

To optimise the sintering condition for Cu10%Sn-bronze, the hollow spheres
were tapped into moulds and gravity sintered in a pusher furnace for 1 hour
in flowing hydrogen. The sintering temperature was varied and the density
measured (Table 2). The results are shown in Fig.10: the density increases
with higher sintering temperature, but there is a remarkable increase of
density observed at 830°C.

Table 2

Density of sintered Cu10%Sn hollow spheres, 1hr, in H2, variation of ST

•: S T ': •

Density
[g/cm3]

Density(rel)

Porosity
• : • • : • : % : •

750

1,54

0,18

82,4

770

1,61

0,18

81,6

790

1,68

0,19

80,8

800

1,83

0,21

79,1

810

1,87

0,21

78,6

820

1,94

0,22

77,8

830

3,02

0,34

65,5
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Fig.10: Density of sintered Cu10%Sn-bronze hollow spheres as a function of
the sintering temperature

4. Conclusions:

• Hollow and near-spherical Cu and bronze powder particles can be
produced by cementation of Cu on spherical Fe powders.

• As-cemented Cu particles have a very porous shell and are mechanically
weak; heat treatment at 800°C in H2 is helpful for giving sufficient strength
to safely handle the powders although the surface remains rugged which
results in very poor tap density and inhibits formation of sufficiently strong
sintering contacts.

• Sn coating with subsequent sintering results in virtually dense and strong
shells that are externally rather smooth. Gravity sintering yields quite
strong structures at low weight, with sound sintering contacts.

• Sintering at too high temperatures results in unwelcome densification, at
least partially destroying the cellular structure.
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Gravity sintered bodies of bronze hollow spheres show significantly lower
densities compared with that made of bronze powder (reference material).

The compressive stress-strain curves obtained from samples of bronze
with cellular structure are smooth and there is no significant flat plateau
region.

Such behaviour of stress-strain curves indicates higher relative density of
the samples, closed-cell character of the solids, ductile material of the cell
walls.

Density of Cu-10%Sn cellular materials slightly increases with higher
sintering temperatures, but there is a marked increase observed at 830°C.
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