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Figure. 2.1 The wooden pattern used in the experiment
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Figure 2.2 Photomicrograph of cast object No26, showing extensive porosity:
6% Sn bronze, air-cooled (image width 1.3 mm)

Figure 2. Photomicrograph of 6% Sn bronze, air-cooled, showing little porosity
(image width 1.3mm)
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Figure 2.4 The charge in the crucible covered with charcoal

Figure 2.5 A lid covered the crucible during
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Figure 2.7 Charcoal residue skimmed off before pouring
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Figure 3.1 The pattern placed in the drag box

Figure 3.2 The cope box placed on the drag box for completion of the mould
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Figure 3.3 both drag and cope box filled with sand, three holes made and feeder removed

Figure 3.4 Mould opened after cooling, showing position of the nine vents
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Figure 3.6 A cast axe with the feeder still attached
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Figure 3.8 Photomicrograph of 2% Sn bronze; water-quenched, showing a granular structure with coring.
Image width 0.65mm
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showing a granular structure without obvious coring very few

Sn; air-cooled

Figure 3.9 Photomicrographs of 2%

islands. Image width 0.65mm.

showing a granular structure and pores on the grain

cooled,

air
boundaries. Image width 1.3mm.

Sn + 6%Pb;

Figure 3.10 Photomicrograph of 2%
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Figure 3.11 Photomicrograph of 6% Sn bronze; water-quenched, showing a dendritic structure with o+8 eutectoids.
Image width 0.65mm.

Figure 3.12 Photomicrograph of 6% Sn bronze; air-cooled, showing a dendritic structure with very few o+8
eutectoids. Image width 0.65mm.
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0.13mm.

Figure 3.14 Photomicrograph of 10% Sn bronze; air-cooled, showing islands of o+ eutectoids. Image width 0.13mm.
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Figure 3.15 Photomicrograph of 15% Sn bronze; air-cooled, showing massive o+ eutectoids in the interdendritic
regions. Image width 0.33mm.

Figure 3.16 Photomicrograph of 15% Sn bronze; water-quenched, showing needle 8 in the interdendritic regions. The
dark phase surrounding the needle 3 islikely to be & phase. Image width 0.33mm.
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Figure 3.18 Photomicrograph of 23% Sn bronze; water- quenched showing dark grain boundan& and needle B within
the grains. Image width 1.3mm.
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Figure 3.19 Photomicrograph of the same sample asin figure 3.18 at higher magnification. The dark phase on the
boundariesis likely to be & phase. Image width 0.33mm.

Figure 3.21 Photomicrograph of 2%Sn bronze+ 2%Pb; water-quenched, showing lead droplets on the grain
boundaries. Image width 0.13mm.
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Figure 3.22 Photomicrograph of 2%Sn bronze+ 10%Pb; water-quenched, showing lead droplets both on the grain
boundaries and within the grains. Image width 0.13mm.
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Figure 4.1 The pattern and frame used to prepare the mould
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Figure 4.3 The two halves of the mould separated
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Figure 4.4 Two completed parts of the mould, showing small holes and runner inlet
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Figure 4.6 Dried moulds (two bottom rows) and fired moulds (top row)
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Figure 4.7. Extensive flashing occurred during an initial casting experiment

Figure 4.8. Pouring molten metal into a clay mould, weighed down by heavy metal piecesto prevent excessive
flashing
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Figure 4.9. Sand blasted axe (6%Sn+10%Pb) cast in clay mould, showing smooth surface

Figure 4.10. Untreated axe (23%Sn) cast in clay mould, showing shrinkage on the surface
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Figure 4.11. 6% Sn bronze cast in a preheated (350°C) mould and air-cooled,
showing afew islands of eutectoid (o+5). Image width 0.33mm

Figure 4.12. 6% Sn bronze cast in an unpreheated mould and air-cool ed,
showing presence of eutectoid (o+0). Image width 0.33mm
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o+ 0
eutectoid

Figure 4.13. 6% Sn bronze cast in an unpreheated mould and water-quenched, showing eutectoid (o+6) on grain
boundaries, where the 6 phase is darker than usual. Image width 0.33mm

Figure 4.14. 2% Sn bronze cast in an unpreheated mould and air-cooled, showing a granular structure.
Image width 1.3 mm
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Figure 4.15. 2% Sn bronze cast in an unpreheated mould and water-quenched, showing
eutectoid of (a+8) on grain boundaries. Image width 0.65mm

Figure 4.16. 10% Sn bronze cast in an unpreheated mould and water-quenched,
showing pronounced dendritic structure and massive eutectoid (o+8).Image width 0.65mm
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Figure 4.18. 15% Sn bronze cast in an unpreheated mould and air-cooled,
showing massive interdendritic eutectoid (o+0). Image width 0.65mm
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Figure 4.19. 15%Sn bronze cast in an unpreheated mould and water-quenched,
showing B phase both interdendritically and within o grains. Image width 0.16mm

Figure 4.20. 23% Sn bronze cast in an unpreheated mould and air-cooled,
showing massive & phase. Image width 0.16mm
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Figure 4.21. 23% Sn bronze cast in an unpreheated mould and water-quenched (sample No. 125),
showing o islands in the matrix of needle B phase. Image width 1.3mm

d phase

Figure 4.22. Same sample as figure 4.21, showing & phase (gray dotted) in the matrix of f.
Image width 0.33mm
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Figure 4.23. Same sample as figure 4.21, showing & phase on the grain boundaries (dark line). This was confirmed by
SEM/EDS analysis. Image width 0.33mm

Figure 4.24. Bronze of 2%Sn + 6%Pb cast in a preheated mould and air-cooled,
showing a granular structure. Image width 1.3mm
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Figure 4.25. Bronze of 2%Sn + 6%Pb cast in an unpreheated mould and air-cooled, showing a dendritic structure.
Image width 1.3mm
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Figure 4.26. Bronze of 2%Sn + 10%Pb cast in an unpreheated mould and air-cooled,
showing granular structure and Pb on grain boundaries. Image width 0.65mm
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Figure 4.27. Bronzes of 2%Sn + 2%Pb cast in an unpreheated mould and water-quenched (sample No.128),
showing a dendritic structure. Pb is almost indistinguishable from the dark phase in the interdendritic regions. Image
width 0.33mm
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Figure 5.1 Drag box with the pattern

Figure 5.2 Completed drag box
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Figure 5.3 Completed drag and cope boxes for bronze mould

Figure 5.4 The two halves of the first bronze mould with flashing
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Figure 5.6 The first bronze mould, viewed from top
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Figure 5.7 Flame-warmed bronze moulds ready for casting

Figure 5.8 The clamped moulds after casting with areservoir of metal filling the runner bush
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Figure 5.9 Solidified feeder and runner bush attached to the upper part of the first mould

Figure 5.10 The first mould after one use
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Figure 5.11 Funnel-shaped feeders cut at sides of bronze mould halves
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Figure 5.12 Side view of the second mould with the feeder at the side
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Figure 5.13 The damaged mould after having been used for ten castings

Figure 5.14 An axe with feeder cast in a bronze mould
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Figure 5.15 An axe cast in a bronze mould after sand blasting

a. top view; b. side view, showing casting seam
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Figure 5.16 Photomicrograph of 2% Sn bronze, mould preheated to 350°C, showing a dendritic structure.

Image width 1.3mm.
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Figure 5.17 Photomicrograph of 10% Sn bronze, mould preheated to 350°C, showing a dendritic structure.
The dendrites are finer but longer than those in figure 5.16. Image width 1.3mm.
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Figure 5.18 Photomicrographs of 2% Sn bronze, mould warmed by flame, showing a dendritic structure on the

surface (a) and a granular structure in the centre (b). Image width 1.3mm.
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Figure 5.20 Photomicrograph of bronze with 2%Sn + 10%Ph, mould preheated to 350°C, showing coarse but short
dendrites. Image width 1.3mm.
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Figure 5.21 Photomicrographs of 10% Sn bronzes, showing more pronounced (o+98) eutectoids in the bronze cast in
the flame-warmed mould than in that cast in the preheated mould. Image width 0.33mm.
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Figure 5.22 Photomicrographs of bronzes with 6%Sn+6%Ph, showing more pronounced dendritic structure and
(o+0) eutectoids in the bronze cast in the flame-warmed mould (b) than in that cast in the preheated mould (a). Image
width 0.33mm.
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b: annealed at 650°C for 15 minutes. Image width 0.13mm.

Figure 7.5. Photomicrographs of 40% cold worked and annealed 6%Sn bronze (cast in sand and air-cooled), showing
afully recrystallised structure and annealing twins.
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a annealed at 600°/15minutes showing an incomplete recrystallisation with considerable amount of o+8 eutectoids.

Image width 0.13mm.
7 Xt
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b: the above sample after annealing at 650°/15minutes showing complete recrystallisation. The dlip lines were dueto a
further reduction after the annealing

Figure 7.6 Photomicrographs of a 30% cold worked 10%Sn bronze after a cycle of rolling and annealing
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b: 10% reducton, centre of sample. Image width 0.65mm
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surface of sample. Image width 0.65mm

’

c: 30% reduction

centre of sample. Image width 0.65mm

d: 30% reduction
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surface of sample. Image width 0.13mm
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e 45% reduction

centre of sample. Image width 0.13mm

f: 45% reduction
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surface of sample. Image width 0.13mm
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g: 60% reduction

centre of sample. Image width 0.13mm

h: 60% reduction
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j: 80% reduction, centre of sample. Image width 0.13mm
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surface of sample. Image width 65um

K: 90% reduction
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centre of sample. Image width 65um

I: 90% reduction

Figure 7.7. Photomicrographs of 6%Sn bronze (cast in sand and air-cooled) at various reduction rates by cold rolling

without annealing
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Figure 7.8. Photomicrograph of the bronze containing 10%Sn and 2%Pb (cast in sand and air-cooled), showing slip

lines on the surface caused by sand gritting employed for cleaning the surface.

Image width 0.65mm.
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Figure 7.9. Photomicrograph of the cold worked bronze with 60% reduction containing 6%Sn (cast in clay and air-

cooled), showing elongation of sulphide inclusion. Image width 0.13mm.
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Figure 7.10. Photomicrograph of the cold worked bronze with 60% reduction containing 6%Sn (cast in clay and air-
cooled), showing unaffected o+ & eutectoid. Image width 0.13mm.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 false
  /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
    /ArialMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 /CCITTFaxEncode
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 790.866]
>> setpagedevice


