2 Binary Systems: O — Pb 1

O - Pb (Oxygen — Lead)

2100 ] ] ] ] ] ] ] ] ]

] gas (0.1 MPa) |
1900 p\/,”_7—

1700 —

1500 liquid’ — liquid”” -

1300 —

1100 -

i Pb,0, lE i

900 f pe =
sH

T /K

700 ]Pb12017

Pb,,0, —
500 ¢ —
cc —
. PbO, — s
300 T T T T T T T T

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0 Tpy Pb

Fig. 1. Calculated phase diagram for the system O-Pb.

The O-Pb system is of primary technical importance because of the wide use of lead-bronze, lead-tin sol-
ders, and lead-acid accumulators. Lead oxides are also components of piezoelectric and high-temperature
superconducting ceramics. The O-Pb system was reviewed by [88Wri], who gave an exhaustive summary
of the numerous studies and discussed the controversies and uncertainties.

A consistent thermodynamic description of the O-Pb system through the entire composition range has been
published by [98Ris]. The gas phase was treated as an ideal mixture containing the species Pb, Pbs, PbO,
Pby0O4, Pb303, PbyOy4, Pbs05, PbgOg, O, Oq, and O3. The liquid phase was described by a two-sublattice
partially ionic liquid model which allows compositional variations between Pb and PbO. The solid phases
PbO-1, PbO-m, Pb30y4, Pb;50;7, Pb15019, and PbO,; were approximated as stoichiometric compounds and
the fcc phase was considered as pure lead. The thermodynamic description is in close agreement with the
most reliable data on the stability limits of the higher oxides in the PbO-PbOs part. For the Pb-PbO range,
the spread in the data concerning the miscibility gap in the liquid phase is large and results of the least-
squares optimisation depend on the selected dataset. All experimental studies are confined to temperatures
below 1473 K. The choice made in [98Ris] results in the calculated phase diagram at 1 bar pressure, where
the miscibility gap is predicted to close just above 1800 K.

Recently, the description of the liquid phase in O-Pb has been modified in conjunction with the thermody-
namic optimisation of the ternary Cu-O-Pb system [03Zin]. The experimental data of the ternary system
indicate a lower solubility limit of oxygen in the Pb-rich liquid than calculated with the description of
[98Ris] and thus, another dataset has been preferred. The critical point of the miscibility gap is then shifted
to about 4700 K. The new set of thermodynamic parameters obtained in [03Zin] is recommended, since it
is based on reasonable data selection by applying additional constraints from a ternary system.
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Table 1. Phases, structures and models.

Phase Struktur-  Prototype Pearson  Space SGTE Model
bericht symbol  group name
liquid IONIC_LIQUID be,Jr (027,00,
PbO- C4 TiOg(rutile) tP6 P4y /mnm PBO2 Pb; O,
Pb;2019 . mP62  Pcor P2;/c PB12019 PbztPb; T O3,
Pb1,0;7 o oP58?  Pmc2,? PB12017 Pb2Pbs 0%
Pb304 Pb304-t tP28 P45 /mbc PB304 Pb3;04
PbO-m = PbO-m oP8 Pbma PBOM Pb, 04
PbO-1 B10 PbO-1 tP4 P4/nmm PBO_L Pb;0,
fcc Al Cu cF4 Fm3m FCC_A1 Pby
Table II. Invariant reactions.
Reaction Type T/K Compositions / zpy, A H / (J/mol)
gas = liquid’ congruent 1923.6 0.504 0.504 —85481
gas = liquid’ + liquid” gas-eutectic 1876.7 0.608 0.512 0.952 —97273
gas + liquid’ = PbO-m gas-peritectic 1158.6 0.001 0.500 0.500 —13399
liquid’ = PbO-m + liquid” monotectic 1156.0 0.501 0.500 0.993 —13560
gas + PbO-m = Pb30y4 gas-peritectoid ~ 868.7 0.000 0.500 0.429 —10580
PbO-m = PbO-1 polymorphic 761.8 0.500 0.500 —513
gas + Pb3O4 = Pb12017 gas-peritectoid 634.2 0.000 0.429 0.414 —3083
gas + Pb15017 = Pb13019 gas-peritectoid 608.5 0.000 0.414 0.387 —2864
liquid” = PbO-1 + fcc degenerate 600.6 1.000 0.500 1.000 —4774
gas + Pb;5019 = PbOy gas-peritectoid 524.1 0.000 0.387 0.333 —7570
Pb;2019 = PbOs + Pb150;7 eutectoid 326.9 0.387 0.333 0.414 —470
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2 Binary Systems: O — Pb

Table III. Standard reaction quantities at 298.15 K for the compounds per mole of atoms.

Compound  zp, AyG°/(J/mol) AfH®/(J/mol) A¢S°/(J/(mol-K)) A¢CP /(J/(mol-K))
PbO, 0.333 —74226 —93906 —66.009 1.988
Pb15019 0.387 —82425 —100332 —60.060 2.600
Pb15047 0.414 —86559 —104226 —59.257 2.904
Pb30y 0.429 —87964 —104775 —56.384 3.072
PbO-1 0.500 —94469 —109524 —50.495 2.193
PbO-m 0.500 —94019 —108718 —49.301 2.184
References

[88Wri] H.A. Wriedt: Bull. Alloy Phase Diagrams 9 (1988) 106—127.

[98Ris] D. Risold, J.-I. Nagata, R.O. Suzuki: J. Phase Equilibria 19 (1998) 213-233.
[03Zin] M. Zinkevich, M. Cancarevic, F. Aldinger: unpublished optimization, 2003.

Landolt-Bornstein
New Series IV/19B

SGTE



	PREVIOUS DOCUMENTFILE
	NEXT DOCUMENTFILE
	 
	Springer
	LB-Home
	Contents: Binary Systems. Part 4: Binary Systems from Mn-Mo to Y-Zr
	Title Page, Contributors, Preface
	Title Page
	Contributors
	Preface
	Contents

	Introduction
	Introduction
	Assessment and selection procedures
	Criteria for selection of binary alloy compounds
	Thermodynamic modelling
	Description of the tables and diagrams
	Description of the software
	References

	Manganese Binary Systems
	Mn-Mo
	Mn-N
	Mn-O
	Mn-Pb
	Mn-Si
	Mn-Ti
	Mn-V
	Mn-Y
	Mn-Zr

	Molybdenum Binary Systems
	Mo-N
	Mo-Nb
	Mo-Ni
	Mo-Si
	Mo-Ta
	Mo-Ti
	Mo-W

	Nitrogen Binary Systems
	N-Nb
	N-Ni
	N-Ta
	N-Ti
	N-V
	N-W

	Sodium Binary System
	Na-Rb

	Niobium Binary Systems
	Nb-Ni
	Nb-O
	Nb-Ti
	Nb-V
	Nb-W
	Nb-Zr

	Neodymium Binary Systems
	Nd-Pr
	Nd-Sb

	Nickel Binary Systems
	Ni-Pd
	Ni-Si
	Ni-Ta
	Ni-Ti
	Ni-V
	Ni-W
	Ni-Y
	Ni-Zr

	Oxygen Binary Systems
	O-Pb
	O-Sn
	O-Sr
	O-Y
	O-Zr

	Phosphorus Binary Systems
	P-Sb
	P-Si

	Lead Binary Systems
	Pb-Pd
	Pb-Sb
	Pb-Si
	Pb-Sn
	Pb-Tl
	Pb-Zn

	Palladium Binary Systems
	Pd-Ru
	Pd-Sn

	Praseodymium Binary System
	Pr-Sb

	Platinum Binary Systems
	Pt-Rh
	Pt-Ru

	Rhenium Binary Systems
	Re-Ta
	Re-W

	Antimony Binary Systems
	Sb-Si
	Sb-Sn
	Sb-Zn

	Selenium Binary Systems
	Se-Sn
	Se-Te
	Se-Tl

	Silicon Binary Systems
	Si-Sn
	Si-Ta
	Si-Te
	Si-Ti
	Si-U
	Si-V
	Si-W
	Si-Y
	Si-Zn
	Si-Zr

	Tin Binary Systems
	Sn-Ti
	Sn-Zn
	Sn-Zr

	Tantalum Binary Systems
	Ta-Ti
	Ta-V
	Ta-W
	Ta-Zr

	Tellurium Binary System
	Te-Zn

	Titanium Binary Systems
	Ti-V
	Ti-W
	Ti-Zr

	Uranium Binary System
	U-Zr

	Vanadium Binary System
	V-Zr

	Yttrium Binary System
	Y-Zr



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


