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DECORATIVE LAYERS ON SILICON BRONZES

1. INTRODUCTION

Decorative coatings are used first of all for providing the metal or the non-metal items
with aesthetic appearance, for which the decisive factors are: the colour, gloss, tarnish resis-
tance, and the surface texture (hammered, crinkled, crystalline). The protective-decorative
coatings also protect the items against corrosion and small mechanical scratches [1, 2, 3].

First traces of patination can be found already on artworks from the Bronze Age. Items
excavated from ancient Chinese tombs prove that already at those times chemical
compounds were applied to bronze castings on purpose. It is not known if the decorative
coatings were to stress the social status of the owner or were applied only for aesthetic
reasons to reveal the beauty of the item itself. It proves, however, that the intended bronze
colourization dates almost as far back as its casting. Traces of artificial patination or colour-
izing of bronze has been found also in other ancient cultures. Traces of extrinsic pigments
which permit to insist that surfaces have been painted with a mix of eggs, water, and pig-
ments have been observed on bronze sculptures in India and Greece [3, 4].

A renewed interest in colourization of metals took place in High Middle Ages. This
interest resulted from searching the way of transforming base metals into gold rather than
from aesthetic or historical quests. During the Late Middle Ages and the early Renaissance
period bronze patination flourished in Europe as a peculiar domain of art. Alchemists could
not only reconstruct the effect of natural patinas, but also create new and long-lasting
appearance by using then-innovative methods, namely by using wax and leak stoppers to
prolong the persistence of patinas on the surfaces of bronze sculptures. Then in the late
Renaissance and in Baroque gold plating or gilding came into fashion and the art of patina-
tion ceased until the beginning of the XIX century. Over the XIX and the XX century
French and Italian artists competed in expanding the variety of patinas. In XIX century
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French artists introduced deep, intensive, translucent colours. A wide spectrum of colours
was achieved by using pigmented lacquers, which in many cases were intended to imitate
translucent patinas obtained by chemical measures [2, 3, 4].

At the beginning of the XX century, as the chemistry advanced, a circle of persons
engaged in patination grew larger. Thanks to this the art of patination flourishes nowadays
expanding not only the spectrum of colours, but also their richness and texture range. It
gives still greater possibilities of surface finishing to the sculptors, allowing them to express
their emotions more freely [2, 3, 4].

The proper preparation of the casting surfaces is extremely important for achieving the
desired final patination effect. Surface preparation is significant for two reasons. First, it
allows for revealing the metal ability to reflect light, which is important if shining finish is
applied, exposing the depth of modern translucent patinas. Second, it cleans the surface,
what in turn allows for reaction of copper with chemical compounds applied during the
patination process. The copper alloy pieces should be mechanically and chemically pre-
pared in a proper way before building the chemical coating. There are many ways of such
preparation. They depend both on the type of the casting process itself and on the type of the
sculpted surface: if it is smooth or not [2, 3, 4, 5].

2. METHODS OF INVESTIGATION

The work has been aimed to determine the influence of abrasive working of the BK331
bronze surface on the quality and durability of its decorative coating for given recipes for
patinating solutions. The scope of work has included making specimens of BK331 silicon
bronze for comparative examinations, mechanical preparation of their surfaces, applying
the individual decorative layers by either hot or cold method and the assessment of their
quality. Additionally the metallographic examinations have been held by means of the opti-
cal microscope at the 400x magnification. These examinations have been aimed to find the
thickness of the patina layers and to check the degree of their binding with the BK331
bronze.

Specimens with the shell motif of dimensions 50x85x4 mm have been made of BK331
silicon bronze employed for examination. They have been cast in block moulds using the
investment casting method. The ways of their surfaces preparing have been diversified —
specimens have been either sandblasted or manually ground with 100, 150, or 320 grit sand-
paper. Sandblasting have been carried out in a dust-proof chamber to avoid the dust arising
during the operation. Fine dry silica sand has been used for this process. Artificial decora-
tive coatings have been applied directly after sandblasting. Flat surfaces of specimens
assigned for abrasive working has been ground by means of a pneumatic rotational 100,
150, or 320 grit grinder. Such intricate surfaces as the textured shell shapes could not be
ground with high speed grinders which may spoil the surface texture. They have been hand
ground with sandpaper of an assumed grit in order to achieve the suitable surface rough-
ness. The appearance of specimens after the abrasive working is shown in Figure 1.
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Fig. 1. The surface appearance after mechanical working: a) sandblasting; b) 100 grit sandpaper;
¢) 150 grit sandpaper; d) 320 grit sandpaper

The patinating solutions have been applied either by hot or cold processes (in room
temperature) by dipping, brush painting, or spraying (Tab. 1). Specimens for hot treatment
have been heated on the laboratory heater up to about 80 °C.

Table 1. Composition of patinating solutions

Solution Component
Patina No. 1 150 ml H,O + 30 g K,S,
Patina No. 2 2 cm® K,S, + 5 ecm® H,0
Patina No. 3 5 g Cu(NOs),-H,;0 + 50 ml H,O
. 1" layer: 2 g K,S, + 500 ml H,0
PatinaNo. 41 pujover: 5.3 g Cu(CHACOO), + 50 ml HyO
. 1% layer: 2 g K,S, + 500 ml H,O
Patina No.5 | ynd jver. 59 K,S, + 4 g FeO + 1 dm® H,0
. 1% layer: 2 g K,S, + 500 ml H,O
PatinaNo-6 | pndjiver: 20 g CuSO,SH,O0 + 500 ml H,0

One of the final stages of the experimental work has been the assessment of the ob-
tained decorative coatings. The rating from 1 to 5 have been assumed, with 1 standing for
weak adherence of a patina to the under-layer, irregular coating of the specimen, non-uni-
form colour and discolouration occurring, and with 5 representing good adherence to the
casting, uniform coating of the sample, even colour without stains. The visual assessment
is, however, a subjective one and depends on many factors, e.g. emotions or possible sight
defects of the judging person, light intensity and so on.
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3. RESULTS OF EXAMINATION

Applying of patinating solutions to the surfaces of specimens has resulted in their co-
lour changes, however the resulting colour is diverse both for different patination solutions
and for the altered ways of surface preparing. The results of experimental decorative pati-
nating of BK331 bronze specimens are illustrated in Table 2.

Table 2. The appearance of specimens with respect to the type of applied patina and to the type of

surface working

Surface
Sandblasting s;r?((i) irlzr S;i(j) irlzr s:fg irlz‘,r
Patina pap PP o
designation
Patina No. 1
Patina No. 2
Patina No. 3
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Table 2 cont.

Patina No. 4

Patina No. 5

Patina No. 6

Thickness of obtained patinas is shown in Figures 2—4.

b)

Fig. 2. A cross-sectional view of silicon bronze specimen with the ‘Patina No. 1’ decorative layer, magn.
400x%: a) for sandblasted specimen surface; b) for specimen surface ground with 320 grit sandpaper
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Table 3 presents the quality assessment of the obtained patinas; the factors taken into
account are: the degree of adherence of patina to the specimen surface, the degree of coat-
ing, colour intensity and uniformity.

Table 3. Results of quality assessment

Degree
Patina of Tz)flfin ir(ljt(e):l(;liltr n(i:foolror;lgt of adherence OP ceogar;fl
W & y v y to the surface &
Sandblasting 5 4 4 4
100 grit sandpaper 3 3 2 2
Patina No. 1 & pap
150 grit sandpaper 3 2 2 2
320 grit sandpaper 2 2 1 1
Sandblasting 4 4 5 5
100 grit sandpaper 3 2 2 2
Patina No. 2 g pap
150 grit sandpaper 1 2 2 2
320 grit sandpaper 1 2 2 1
Sandblasting 5 5 5
100 grit sandpaper 4 3 3 3
Patina No. 3 & pap
150 grit sandpaper 4 3 3 3
320 grit sandpaper 3 3 2 2
Sandblasting 2 2 3 3
100 grit sandpaper 1 1 2 2
Patina No. 4 g pap
150 grit sandpaper 1 1 2 2
320 grit sandpaper 1 1 1 1
Sandblasting 4 4 4 4
100 grit sandpaper 4 4 2 4
Patina No. 5 & pap
150 grit sandpaper 4 3 3 2
320 grit sandpaper 3 4 2 4
Sandblasting 4 4 4 5
100 grit sandpaper 3 5 3 4
Patina No. 6 g pap
150 grit sandpaper 4 4 3 4
320 grit sandpaper 4 4 2 4
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Fig. 3. A cross-sectional view of silicon bronze specimen with the ‘Patina No. 4’ decorative layer,
magn. 400%: a) for sandblasted specimen surface; b) for specimen surface ground with 320 grit
sandpaper

a)

Fig. 4. A cross-sectional view of silicon bronze specimen with the ‘Patina No. 6 decorative layer,
magn. 400%: a) for sandblasted specimen surface; b) for specimen surface ground with 320 grit
sandpaper

4. ANALYSIS OF RESULTS

It results from the carried out examinations that the surface preparation of material
assigned for patination influences significantly the quality and durability of the obtained
coating. A particular attention should be paid to the sandblasting process which has given
more developed bronze surface than grinding with sandpaper, and patinas applied to the
sandblasted surfaces manifest the uniformity of coating. Sandblasting is a method which do
not desire for additional preparation of metal before applying the artificial decorative
layers, so that it is quick and economic method of finishing castings. Grinding with sandpa-
per of the examined grits makes difficult obtaining durable decorative coatings of uniform
colour. Grinding demands also for additional preparation of casting in order to remove the
grinding remains (binder, abrasive material, polish compounds), thus complicating the pro-
cess and increasing costs of patination. Patinas obtained on ground specimens exhibit the
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non-uniform colour of low intensity and the weak binding with the underlying material, as
compared with patinas on sandblasted specimens.

However, it should be taken into account that, as far as artistic casting are concerned,
the final choice of the method of surface preparation depends on the sculptor’s idea and
decision.

REFERENCES

Burakowski T., Wierzchon T.: Engineering of metal surfaces, WNT, Warsaw, 1995 (in Polish)
Kipper P.V.: Patinas for Silicon Bronze, Path Publications, Seattle, 1996
Nadolski M. et al.: Decorative layers on tin bronzes, Archives of Foundry Engineering, 10 (2010) 4, 153—156

Nogalski Z.: Methods of generating the protective-decorative layers on copper alloy castings, Czgstochowa
University of Technology, Department of Foundry, 2000 (Master’s thesis, not published) (in Polish)

[5]1 Skubata W.: Protective and decorative coatings, WSI in Koszalin, Koszalin, 1985 (in Polish)

Received
January 2011




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


