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In this quaternary system, the isothermal equilibria at
827 �C in the FeO-SiO2-ZnO subsystem coexisting with Fe
were first determined by [1993Ito]. Subsequently, [2001Jak]
investigated the liquid-solid equilibria and computed liqui-
dus projections.

Ternary Subsystems

The Fe-O-Si system was reviewed by [1989Rag]. This
review presented a liquidus projection in the FeO-Fe2O3-
SiO2 region, three isothermal sections at 1600, 1200 and
900 �C and a reaction sequence. The Fe-O-Zn system is
updated in this issue. The ZnO-SiO2 pseudo-binary system
was investigated by [1997Jak]. The calculated phase
diagram (Fig. 1) showed satisfactory agreement with the
experimental data. The ternary compound Zn2SiO4 forms
congruently at 1513 �C. On either side of this compound, a
simple eutectic type of solidification occurs with no terminal
solubility. The activities of ZnO in the ZnO-SiO2 system
between 800 and 700 �C were determined by [1989Ito]
from emf measurements. The Fe-Si-Zn system was
reviewed by [1992Rag] and updated subsequently.

Quaternary Phase Equilibria

Starting with high purity powders of Fe, Zn, FeO, ZnO
and prior-made compounds of Zn2SiO4 and Fe2SiO4,
[1993Ito] prepared briquettes, which were sealed in evacu-
ated quartz tubes, annealed at 827 �C for 60 h and quenched
in water. The phases were identified with x-ray powder

diffraction and the phase compositions were measured with
electron probe microanalyzer (EPMA). Using stabilized
zirconia solid electrolyte, [1993Ito] measured the partial
pressures of oxygen by the emf method. Figure 2 shows the
isothermal equilibria projected on the FeO-SiO2-ZnO plane.
As the experiments were done at iron saturation, all phase
fields contain additionally (Fe). The activities of FeO and
ZnO in the four-phase equilibrium of FeO + Fe2SiO4 +
Zn2SiO4 + (Fe) were found to be 0.93 and 0.53 respectively.
The corresponding values for the equilibrium of FeO +
Zn2SiO4 + ZnO + (Fe) were 0.87 and 0.80.

More recently, [2001Jak] pelletized powder mixtures of
Fe2O3, SiO2 and ZnO (99.5+% purity), annealed them in air
between 1450 and 1200 �C, followed by quenching in iced
water. The microstructures were examined with optical and
scanning electron microscopy. The phase compositions were
measured with EPMA and listed. Earlier, with the same
starting materials and experimental techniques, [2000Jak]
determined the liquid-solid equilibria in this quaternary
system at metallic iron saturation.

In their thermodynamic description, [2001Jak] used
the quasi-chemical model for the liquid slag phase. The
compound energy formalism was used to describe the
ternary compounds fayalite (Fe2SiO4) and willemite
(Zn2SiO4), providing for mutual solid solubility. Using the
results of [2001Jak] and [2000Jak], along with selected data
from the literature, the thermodynamic interaction parame-
ters were optimized.

Fig. 1 ZnO-SiO2 computed pseudo-binary section [1997Jak]
Fig. 2 Fe-O-Si-Zn isothermal equilibria at 827 �C on the FeO-
SiO2-ZnO plane at iron saturation [1993Ito]

JPEDAV (2010) 31:385–386
DOI: 10.1007/s11669-010-9721-9
1547-7037 �ASM International

Phase Diagram Evaluations: Section II

Journal of Phase Equilibria and Diffusion Vol. 31 No. 4 2010 385



The pseudo-binary section computed along the Fe2SiO4-
Zn2SiO4 join at iron saturation is shown in Fig. 3. The
mutual solid solubility between fayalite (Fe2SiO4) and
willemite (Zn2SiO4) is extensive. The experimental points
from [1964Dob], [1993Ito] and [2000Jak] show a wide
scatter. The computed liquidus projection on the FeO-SiO2-
ZnO plane at metallic iron saturation is shown in Fig. 4. The
marked ‘primary’ fields contain in addition metallic (Fe).
The arrows indicating the direction of decreasing temper-
ature are as given by [2001Jak]. Not all arrows are marked
by [2001Jak]. A temperature maximum C at �1205 �C
corresponding to the congruent melting of fayalite is
expected on the indicated liquidus line in Fig. 4. Three
five-phase invariant points were computed: (i) L + (Fe) +
Wu + Wi + Z at 1260 �C, (ii) L + (Fe) + Wu + Wi + F at
1179 �C and (iii) L + (Fe) + T + Wi + F at 1163 �C. In the
above, Wu = wustite, Wi = willemite, F = fayalite, T =
tridymite, and Z = zincite. [2001Jak] also computed a
liquidus projection in ‘air’.
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Fig. 3 Fe-O-Si-Zn computed vertical section along the Fe2SiO4-
Zn2SiO4 join at iron saturation [2001Jak]

Fig. 4 Fe-O-Si-Zn computed liquidus projection on the FeO-
SiO2-ZnO plane at iron saturation [2001Jak]

Section II: Phase Diagram Evaluations

386 Journal of Phase Equilibria and Diffusion Vol. 31 No. 4 2010


	Fe-O-Si-Zn (Iron-Oxygen-Silicon-Zinc)
	Ternary Subsystems
	Quaternary Phase Equilibria
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


