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1 Introduction

Alkaline lakes are widely distributed in the area of the
Qinghai-Tibet Plateau. Most of the salt lakes are famous
for their high concentration of lithium, potassium,
magnesium, boron (Ma, 2000). In recent years, as a new
energy material, lithium and its compounds are widely
used in the new area, such as aerospace industry, nuclear
energy, battery industry and optics industry. Due to low
cost and simple chemical process extracting lithium from
salt lake brine, the brine has replaced mine and became the
main raw material production of lithium carbonate. It is
well known that solid-liquid phase equilibrium plays an
important role in exploiting salt lake brine resources and
describing the geochemical evolution of brine minerals. At
present most of extracting lithium from brine use sodium
carbonate as precipitant to product primary products,
lithium carbonate (Cao et al, 2009). In this paper, some
progresses on the phase chemistry of brine systems
containing lithium and carbonate at present years were
summarized.

2 Stable Phase Equilibrium Containing
Lithium and Carbonate

Ternary Systems: Using the method of isothermal
equilibrium, the stable system Li"//CO5%, B,O4-H,0 at
298 K and 288 K were reported (Zeng et al, 2000; Sang et
al, 2002). Based on the solubility data, the phase diagram
of the system was plotted, which consists of one invariant
point, two univariant curves and two single salt
crystallized zones corresponding to Li,CO;, Li,B407:3H,0
in the system at 298 K and 288 K. This system at both
temperatures belongs to a simple eutectic type, and neither
double salts nor solid solutions were found. A comparison
of the phase diagrams for the ternary system at 288 K and
298 K shows that the crystallized area of Li,CO; is
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increased whereas Li,B407-3H,0 is decreased obviously.

Quaternary Systems: Solubilities and physicochemical
properties in the quaternary system Li*, K'//CO5%, B4O,*—
H,0 at 288 K and 298 K were experimentally studied with
the isothermal equilibrium method, respectively (Yin et al,
2004; Zeng et al, 2002). The phase diagrams of the system
at 288 K and 298 K consist of two invariant points,
saturated with Li,CO; + K,CO;:1.5H,0 + Li,B,07:3H,0
and Li,CO;+ Li,B407-:3H,0 + K,B;407,-4H,0, respectively.
The salt of K,CO; had a strong salting out effect to
tetraborates (K,B4O; and Li,B40;). On the basis of
solubility data of ternary subsystem, Pitzer’s theory of
aqueous electrolyte solutions was used for solubility
calculating at 298 K, and the calculated solubilities
basically are agreed with the experimental values.

Quinary Systems: The complex quinary system Li',
Na', K'/COs*, B4O;”—H,0 was constructed (Sang,
2005). According to the experimental data, the phase
diagram was filled with the six crystallization fields
corresponding to  K,CO;3/2H,0, K,B407,4H,0,
N32B4O7'10H20, N32C03'10H20, NaKC036H20 and
Li,B4O,-3H,0. The crystallized area of K,CO;:3/2H,0
was the smallest, while the borates (K,B40;,-4H,0,
Li,B,0,,3H,0, and NaB407;10H,0) have larger
crystallization fields than the others. In addition, the
double salt NaKCOs;6H,0O was found in this quinary
system, and K,CO; has the highest concentration and
strong salting-out effect to other salts.

3 Metastable Phase Equilibria of Containing
Lithium and Carbonate

Sulfate-type brine systems: Using the isothermal
evaporation method, the metastable equilibria of the
quaternary system Li*, K'//CO5*, SO, BsO;"—H,0 at
288 K and 273 K (Sang et al, 2010; Zhou, 2009), and its
subsystems Li", K'//COs*, SO,”—H,O were presented
(Sang et al, 2007; Sang et al, 2011). Compared the
quaternary systems at 288 K and 273 K, the solid phase
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numbers and the minerals existed are the same at different
temperatures, while the area of crystallized zones are
different. The crystallization forms of lithium-borate were
LiBO,8H,0O at 273 K, and Li,B407,3H,0 at 288 K. It
means that the crystallization form of lithium-borate were
relevant to temperature. The quaternary system at 273 K
has crystallized zones of double salt Li,SO4-K,SO,4, which
can be formed in the quaternary system Li", K'//SO,”,
B40;7—H,0 and Li*, K, Mg*"//SO4*~H,0 at 298 K. The
double salts Li;SO4K,SO, are easily crystallized from
room temperature to low temperature at stable or
metastable phase equilibrium system.

Chloride-type brine systems: Compared with stable
phase diagram at 298 K, the solid phase number and the
mineral form in the quinary system Li", K* //Cl", CO;>,
B,0;" —H,0 at 288 K (Wang et al, 2001; Zeng et al, 2006)
were changed. These changes between phase diagrams at
different temperature will be very useful for separation
and purification of salts. In addition, the results of
quaternary system Li", K'/CI, CO;*—H,0 at 298 K
demonstrated that the isotherm diagram consists of two
invariant points, five univariant curves and four
crystallization fields corresponding to K,CO;-3/2H,0,
KCl, Li,CO; and LiClI'-H,O. Compared with the stable
phase diagram, the crystallized area of potassium chloride
is increased obviously, and the reason may be that ions of
bittern are easy to form a supersaturated interface state in
the process of evaporation. The salt of K,CO; has a strong
salting out effect to LiCl and K,COj; (Deng et al, 2000;
Yan et al, 2008).

Borate-type brine systems: The quaternary system Li",
K'//CO5*, B4O;"~H,0 at 273 K and 288 K shows that the
solubility of the lithium carbonate has a negative
temperature effect, and the crystallization field of lithium
carbonate at 273 K is smaller than that at 288 K, while the
crystallization fields of potassium carbonate, lithium
borate at 273 K are larger than those at 288K (Yin, 2004;
Zeng et al, 2008).

Acknowledgement

Financial support from the NSFCs (21106103,
21276194 and 21306136), the Specialized Research Funds
for the Doctoral Program of Chinese Higher Education
(20101208110003 and 20111208120003), the Natural
Science Foundation of Tianjin (12JCQNJC03400) and the
Senior Professor Program for TUST (20100405) is
acknowledged.

References
Cao Xu, Deng Tianlong and Li Dongchan, 2009. Progresses on
the Phase Equilibria of Lithium-containing Salt-water System.

411

Journal of Salt and Chemical Industry, 38(2): 36—40.

Deng Tianlong, Yin Hui’an, and Tang Minglin, 2000. A Study of
Solubilities and Physicochemistry Properties of Equilibrium
Solutions in the Reciprocal Quaternary System Li', K'//CI,
CO;>-H,0 at 298 K. Chemical Journal of Chinese
Universities, 21(10): 1572—-1574.

Ma Peihua, 2000. Comprehensive utilization of salt lake
resources. Advance in earth sciences, 15(4): 365-375.

Sang Shihua, Tang Minglin, Yin Hui’an and Zhang Yunxiang,
2002. Study on equilibrium solubilities and properties of
solutions in the ternary system Li'(K") //CO5%, B;O,>~H,0 at
288 K. Industrial Minerals & Processing, (3): 7-9, 24.

Sang Shihua, Yin Hui’an and Lei Ningfei, 2007. Metastable
Equilibrium in Quaternary System Li,SO4+ K,SO4+ Li,CO; +
K,CO; + HyO at 288K. Chem Res. Chines Eud, 23 (2): 208—
211.

Sang Shihua, Zeng Xiaoxiao, Wang Dan and Qu Shudong, 2011.
Study on Metastable Equilibria in the Quaternary System Li",
K'//CO5%, SO,5~H,0 at 273 K. Journal of Sichuan University
(Engineering Science Edition), 43(4):190-193.

Sang Shihua, Zhang Xiao, Zhao Xiangpo and Xiao Longjun,
2010. Metastable Equilibria in the Quinary System of Li*,
K'//CO5™, SO4”, B4O;"~H,0 at 288K. Acta Chimica Sinica,
68(6): 476-480.

Sang Shihua, Yin Huian, and Tang Minglin, 2005.
(Liquid+Solid) Phase Equilibria in the Quinary System Li" +
Na® + K* + CO;” + B;O;” + H,0 at 288 K. Journal of
Chemical and Engineering, 50: 1557-1559.

Wang ZhiJian, Zeng Ying, Tang Minglin. and Yin Hui’an, 2001.
An experimental study on the quinary system Li'+ K+ CI'+
COs> + B4O7~ + H,0 at 298 K. Chengdu University of
Technology, 28: 204-208.

Yan Shuyi, Yin Hui’an, Liang Qu, Tang Minglin and Wang
Liming, 2008. An expermenta 1 study on meta stable phase
equilibria in the quaternary system Li", K*//CI,, COs*~H,0 at
298 K. Chemical Research and Application, 20(2): 166—168.

Yin Hui’an, Sang Shihua, Tang Minglin and Zeng Ying, 2004.
Equilibrium of quaternary system Li", K'//COs>, B4O;>—H,0
at 288 K. Journal of Chemical Industry and Engineering
(China), 55(3): 464-466.

Zeng Ying, Lin Xiaofeng and Meng Shijun, 2008. Study on
metastable phase equilibrium of quaternary system Li‘, K'/
CO;%, B,O7~H,0 at 273 K. Chemical Engineering (China),
36(9): 48-50.

Zeng Ying and Shao Ming, 2006. Liquid-Solid Metastable
Equilibria in the Quinary System Li'+ K"+ CI'+ COs* +
B4O;% + H,0 at 288 K. Journal of Chemical and Engineering
Data, 51: 219-222.

Zeng Ying, Yin Hui’an, Tang Minglin and Wang Lisheng, 2000.
A experimental Study on the Equilibrium Phase Diagram and
Solution Properties of the Ternary Systems Li*//CO5”, B,O*
-H,0 and K'//COs*, B,O—H,0 at 298K. Journal of
Chemical Engineering of Chinese Universities, 14(1): 77-80.

Zeng Ying, Xiao Xia, Yin Hui’an, Tang Minglin and Wei
Xianhua, 2002. A Study on the Phase Equilibrium and
Solution Properties of the Quaternary System Li*, K'//CO5>,
B4O;7—H,0 at 298 K, Journal of Chemical Engineering of
Chinese Universities, 16(6): 592-596.

Zhou Mei, 2009. Studies on the Metastable Phase Equilibrium in
Quinary System Li‘, Na', (K") /COs*, B40/*(CI)-H,O at
273K. Master's thesis, Chengdu: Chengdu University of
Technology.




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


