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Semi-solid processing of complex-shaped foamable material
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A hybrid process comprising aspects of casting and powder technology is used for the
production of complex shaped foam precursor material. Powder mixtures of
aluminium alloys and foaming agent are cold-isostatically compacted to cylindrical
slugs which are then heated to the semi-solid state and processed in conventional
cold-chamber high pressure die casting machines. This approach offers a highly
productive method to produce foamable precursors with almost arbitrary shapes, e.g.
with holes, changing wall thicknesses, or other geometric complexities. Due to the
nature of the casting process an improved pore morphology has been observed. This
can be explained by the comparably isotropic microstructure of the castings and an in-
situ heat treatment of the foaming agent.

1 Introduction

Among the various technologies for the production of metal foams [1] the powder-
metallurgical approach [2,3] has attracted the most scientific and industrial interest due to
its flexibility with respect to the choice of alloys and the possibility to produce relatively
complex shaped foam and sandwich components. Nevertheless, wide scale industrial
production has not yet been achieved as the following essential prerequisites still have to
be fulfilled: further improvement of the understanding of the process - especially
regarding the behaviour of the foaming agent and its interaction with the metal matrix
and the mechanisms of foam collapse - , securing of a homogeneous and reproducible
quality of the precursor material and the reduction of the precursor and the overall process
costs.

An example for the deficiencies of the current technology is the common appearance
of macro-pores, see Fig.1, whose formation is attributed to the typical anisotropic
microstructure of extruded or uni-axially hot-pressed precursor material and the high
decomposition pressures of the standard foaming agent TiH, near the solidus temperature
of the alloy. This leads to a crack-like appearance of pores in the early foaming stages and
to large-scale heterogeneities during further foaming..

Another current drawback are the high costs of the foams produced in this way. The
main cost drivers are: the use of powder metals, the extrusion process and the foaming
moulds. The situation is even worse in the production of complex shaped metal foam
components as the extruded precursor has to be adapted to the mould geometry which
requires further cost intensive forming or cutting steps. A possibility to avoid this is to use
simple-shaped precursors and rely on the flowing ability of the liquid metal foam during
expansion. This might, however, lead to inhomogeneous heat transfer conditions
(especially with precursor granulate), a deterioration of the foam structure during the flow
process and the inclusion of oxide skins into the components. As a consequence a casting
process would be advantageous for the production of such complex shaped precursor
materials.
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Fig. 1. Inhomogeneous pore structure with macro-pore in AlSi7 foam made from
extruded precursor material

A new hybrid casting-powder metallurgical process for the production of metal foam
precursor material has been developed based on thixocasting of cold-isostatically
compacted powder mixtures [4]. The principles and features of this approach will be
explained and discussed in comparison with state-of-the art technologies such as extrusion
and uni-axial hot-pressing.

2 Technological approach

The developed approach is principally based on the thixocasting process, see e.g. [5] or
[6], though in this case powder mixtures compacted to slugs are used instead of direct cast
pre-material. The process comprises the following steps:

- Mixing of metal powders and foaming agent powders (e.g. aluminium, silicon, TiH,),
- cold-isostatic compaction to cylindrical slugs,
- heating of the slugs to the semi-solid state

- thixocasting by means of a vertical or horizontal cold-chamber high-pressure die
casting machine

- removing from the casting mould and removal of overflows
- foaming

The complete process is represented in Figure 2.in comparison with the “traditional”
PM extrusion technology.
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Fig. 2. Comparison of the process steps for the production of metal foams by means of
powder compaction and extrusion ("route I*) and thixocasting ("route II*‘)

3 Comparison and evaluation of the processes

The metal powders and the foaming agent were mixed for 45 minutes and cold-
isostatically compacted at 150 MPa. The resulting billets were subsequently heated in an
annealing furnace into the semi-solid state. The heating parameters varied with the alloys
(duration 40-60 minutes, temperature 590 °C-620 °C). Because the foaming agent is
subjected to an in-situ heat treatment during heating, the experiments had to be restricted
to comparatively low melting standard casting alloys such as AlSi6Cu4, AlSill and
AlZn5,5MgCu. For alloys with higher melting temperatures the semi-solid process
temperatures would lead to a too rapid decomposition of the foaming agent. The content
of the foaming agent in the different powder mixtures was varied between 0.5 and 1.5
wt.% for the different alloys.

After heating the semi-solid slugs were manually transferred into the sleeve of the
Biihler SCN/66horizontal cold chamber high pressure die casting machine and pressed
into the die cavity. The locking force of the die casting machine was 6615 kN. A mould
optimised for conventional thixocasting was used. The mould was equipped with pressure
sensors in the casting system and in the component cavity. The test component, a
connecting rod, demonstrates typical features of castings such as varying wall thickness,
cores and shrinkage restrictions. The smallest wall thickness was 5 mm in a distance of
approximately 420 mm from the biscuit. The typical shot weight was 1,5-1,7 kg. The
metal front velocity during the filling was approximately 1-2 m/s and the secondary
compression pressure 150-190 MPa.

The microstructures of thixocast and extruded AlSi6Cu4 precursor material are
compared in Fig. 3. The most distinct feature is the isotropy of the thixocast material in
comparison with the layered structure of the extruded precursor.
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Fig. 3. Comparison of the microstructure of thixocast (left) and extruded (right)
foamable metal, in both cases alloy AlSi6Cu4

Thixocast AlSi6Cu4 precursor specimens were used for in-situ radioscopy
experiments, the details of which can be found in [7]. The main results were the
following: thixocast precursor materials

expand at higher temperatures, i.e. when the matrix is softer,

show no crack-like pores in the early foaming stages, see Figure 4,

have a lower maximum expansion,

have a higher coalescence activity and,
- show a more pronounced collapse behaviour.

These features were confirmed in expandometric experiments and can be attributed to
the isotropic structure of the precursor. Furthermore, the in-situ heat treatment of the
foaming agent during the semi-solid processing leads to reduced decomposition pressures
during the early foaming stages. The high coalescence activity is attributed to a reduced
efficiency or content of foam stabilizing components in comparison to extruded or uni-
axial hot pressed material.
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Fig. 4. Comparison of the foaming behaviour of thixocast (A1Si6Cu4-+0,5 wt% TiH,,
left) and uni-axial hot-pressed (AlSi7 + 0,5 wt% TiH,, right) precursors [7]
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As can be seen in Figure 5, the thixocast precursor material can lead to homogeneous
pore structures in the resulting foam. A further improvement of the foam structure can be
expected if measures (e.g. the addition of special alloying components) against the high
coalescence activity can be found.

Fig. 5. Parts of a thixocast precursor material before and after foaming

As the thixocasting route secures a more isotropic microstructure of the precursor
material the use of alternative and less expensive starting materials unsuited for extrusion
was tested. The primary metal powder (costs approx. 3.50 €/kg) was substituted by
AlSi7Mg-recycling material (sorted and thermally cleaned cutting chips from wheel
production, supplied by Oetinger, Germany, 1.30 €/kg). These AlSi7Mg-chips were
mixed with various powder blends (Al, pure + 10-20 wt%TiH,) adjusting the relatively
high TiH,-content of 1,5 wt%. The mixture was heated in ambient atmosphere for 60
minutes at temperatures between 200 and 400 °C. Different heating temperatures were
chosen in order to facilitate the following uni-axial compaction to cylindrical slugs and to
obtain different degrees of superficial oxidation of the chips. The compaction was carried
at various pressures in a pre-heated sleeve (200 °C) of a cold-chamber high pressure die
casting unit as for the compaction of chips the large stroke length (600 mm) of this
machine is advantageous. After this the slugs were heated to the semi-solid state and were
then thixocast. To increase shearing during mould filling metallic meshes were fixed into
the sleeve of the HP die casting machine. Metal front velocities of 2-3 m/s and
intensification pressures of 1250-1500 bar were used.

As can be seen in Figure 6, left, the pore structure of foams produced from thixocast
recycling material is quite coarse and inhomogeneous. This is attributed to the
inhomogeneous distribution of TiH, in the precursor material (see Fig. 6, right) and to a
lower oxide content of the cutting chip slugs in comparison to compacted powder
mixtures.
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Fig. 6. Pore structure of AISi7Mg-foam made from recycling precursor material (left)
and TiH,-distribution in thixocast AISi7Mg recycling precursor (right)

4 Summary and outlook

The presented semi-solid process for metal foam precursor material allows us to
produce complex shaped precursor components with isotropic microstructures resulting in
comparatively uniform pore structure of the corresponding metal foams. In order to fully
exploit the advantages of this technology, the influence of process parameters such as the
heating temperature or the casting velocity on the resulting foam structure has to be better
understood. This is currently subject of a project funded by the DFG.

Acknowledgements

This work was supported by the DFG-Program SPP 1075, grant BA1170/3-2.

References

[1] J. Banhart, Prog. Mater. Sci. 46, 559-632 (2001)

[2] F.Baumgirtner, I. Duarte, J. Banhart, Adv. Eng. Mater. 2 168-174 (2000)

[3] H.-W. Seeliger, Proc Int. Conf. Metal Foams and Porous Metal Structures, Eds. J.
Banhart, M.F. Ashby, N.A. Fleck, (MIT-Verlag Bremen 1999), pp. 29-36

[4] J. Baumeister, U. Bredenbreuker, M. Rommerskirchen, Patent DE199103658 (1999)

[5] M.C. Flemings, 6™ Intern. Conf. Semi-Solid Processing of Alloys and Composites,
Sept. 2000, Eds. G.L. Chiarmetta, M. Rosso, (2000) p. 11-14

[6] G. Chiarmetta, 6™ Intern. Conf. Semi-Solid Processing of Alloys and Composites,
Sept. 2000, Eds. G.L. Chiarmetta, M. Rosso, (2000) p. 15-21

[7] H. Stanzick, M. Wichmann, J. Weise, L. Helfen, T. Baumbach, J. Banhart, Adv.
Eng. Mat. 4, No. 10 (2002), p. 814-823




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


