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Abstract:ComponentssolubilitiesinNaCl-SrCl2 -H2OandKCl-SrCl2 -H2Osystemat25 ℃ were

calculatedbyusingPitzerion-interactionmodelandphasediagramshadbeenplotted.Agreement

withexperimentalsolubilityindicatedthatthemodelscanbesuccessfullyusedtocalculatethe

componentssolubilityinthesystemcontainingstrontium.
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　　ConcentrationofStrontiuminoilfieldbrines

ofQaidambasinhasfoundtobehigh
[ 1]
.The

strontiumioncoexistswithotherionssuchassodi-

um, potassium, chlorideandsulfate.Extractionof

thestrontiumfromoilfieldbrinesrequiresthesol-

ubilitydataforphasesystemsencompassedinthe

naturalbrine.Pitzerion-interactionmodelhas

beensuccessfullyappliedinmanycalculationsof

solubilitiesandthermodynamicpropertiesinnatu-

ralwaterandcomplexbrines
[ 2-3]

.Inthispaper,

Pitzermodelisadoptedtocalculatethesolubility

ofNaCl-SrCl-H2OandKCl2-SrCl2 -H2Osystemat

25 ℃.

1　THEORETICALCONSIDERATION

Solubilityproductsareusedtocalculatesolu-

bility, i.e.asaltsolutionissaturatedatagiven

temperatureandpressurewhentheionactivity

productisequaltothesolubilityproduct.Fora

hydratedsaltMvMXvX·v0H2O, thesolubilityprod-

uctKsp, atadefinitetemperatureforthedissolu-

tionreaction

MvMXvX·v0H2O=vMM
+ZM
+vXX

-ZX
+v0H2O

( 1)

isexpressedby

lnKsp=vMln(mMγM) +vXln(mXγX) +

　　 　v0 lnaw, ( 2)

wheremi andγi representtheconcentration

(mol·kg
-1

) andactivitycoefficientoftheionsre-

spectively.

Theactivityofwaterisrelatedtotheosmotic

coefficient , bytheequation

lnêw= - (Mw/1000) ∑ mi ( 3)

whereMwisthemolarmassofwaterandthesum

coversallsolutespecies.Theactivitycoefficients

γandosmoticcoefficient canbecalculatdusing

theextendedPitzerion-interactionmodelderived

byHarvieCEandWeareSH
[ 2]
.
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2　PITZERPARAMETERSANDSOLUBIL-

ITYPRODUCTS

　　ThePitzersingleelectrolyteparametersfor

NaCl, KClandSrCl2 areavailableinthelitera-

tures.Theseparametersarefittedfromosmoticor

activitycoefficientsbyleast-squaremethod.And

thevaluesarelistedinTable1.

Table1　Pitzer' sbinaryparametersforsingleelectrolyteat25 ℃

β( 0) β ( 1) CΥ mmax/(mol· kg
-1 ) σ Reference

NaCl 0.076 5 0.266 4 0.001 27 6 0.001 [ 4]

KCl 0.048 35 0.212 2 -0.000 84 4.8 0.000 5 [ 4]

SrCl2 0.286 1.667 -0.000 652 4 0.003 [ 4]

　　ForPitzer' smixingparametersθcc′, andψcc′a,

theauthorsusethevaluescalculatedbyCleggSL

andKimHTfromosmoticcoefficients.Thepa-

rametersusedforcalculatingthesolubilitiesofthe

investigatedsystemsarelistedinTable2.

Table2　Pitzermixingparametersforinvestigatedsystems

at25 ℃

system θcc′ ψcc′a Reference

NaCl-SrCl2-H2O 0.056 2 -0.007 05 [ 5]

KCl-SrCl2-H2O 0.014 9 -0.020 1 [ 6]

　　Thelogarithmofthesolubilityproductsfor

NaCl, KClandSrCl2·6H2Oarealsotakenfrom

reference.TheyarelistedinTable3.

Table3　ValuesoflnK
sp
ofsolidphase

Solidphase lnKsp Reference

NaCl 3.63 [ 7]

KCl 2.058 [ 7]

SrCl2· 6H2O 4.35 [ 8]

3　RESULTSANDDISCUSSION

Todeterminetheapplicabilityoftheparame-

tersandthesolubilityproducts, thecomponent

solubilitiesforNaCl-SrCl2 -H2O andKCl-SrCl2 -

H2Osystemsat25 ℃ arecalculatedonthebasis

ofequation2-3andthePitzermodel.Thecalcu-

latedsolubilitydataarelistedinTable4 -5.It

shouldbenotedthatsolutesbelowtheirsaturated

solutionmolalitieswerefixedat0, 0.5, 1, …,

andthesaturatedsolutesarecalculated.

Table4　ThecalculatedsolubilityforNaCl-SrCl2-H2Oat

25 ℃ (mol·kg-1 )

NaCl SrCl2 Solidphase

0 3.477 SrCl2·6H2O

0.5 3.324 ditto

1 3.173 ditto

1.5 3.023 ditto

2 2.876 ditto

2.015 2.871 SrCl2·6H2O+NaCl

2.442 2.5 NaCl

3.082 2 ditto

3.784 1.5 ditto

4.535 1 ditto

5.319 0.5 ditto

6.120 0 ditto

Table5　ThecalculatedsolubilityforKCl-SrCl2-H2Oat

25 ℃ (mol·kg-1 )

KCl SrCl2 Solidphase

0 3.477 SrCl2·6H2O

0.5 3.413 ditto

1 3.355 ditto

1.377 3.316 SrCl2·6H2O+KCl

1.570 3 KCl

1.934 2.5 ditto

2.374 2 ditto

2.888 1.5 ditto

3.470 1 ditto

4.103 0.5 ditto

4.762 0 ditto

Thesolubilitycurvescomparingtheexperi-

mentalresultsandthecalculatedresultsareshown

inFig.1-2.

FortheNaCl-SrCl2-H2Osystem, thesolidphases

determinedbyKydynovK
[ 9]
areSrCl2· 6H2O,
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Fig.1　PhasediagramofNaCl-SrCl2-H2Osystemat

25 ℃ fromexperimentandcalculation

Fig.2　PhasediagramofKCl-SrCl2-H2Osystemat

25 ℃ fromexperimentandcalculation

SrCl2·2H2OandNaCl.Theauthorscalculatetwo

eutonicpointsandtheresultsdeviatedfromexperi-

mentaldataseriously.AssarssonGOreportedthat

thetransitiontemperaturehexahydrate-dihydratein

binarySrCl2-H2Osystemis61.3 ℃
[ 11]
.According

totheliterature
[ 8]

, thereisonlyoneinvariant

pointcomposedofSrCl2·6H2OandNaClinthe

systemat25℃.Thecalculatedeutonicpointcon-

centrationforNaClandSrCl2 are2.015 mol·

kg
-1
and2.871 mol·kg

-1
.Therelativeerrorsare

10% and2% respectively.Thedeviationmaybe

causedbyincorrectdeterminationofsolidphasein

theliterature
[ 9]
.AsbeingshowninFig.1, the

experimentaldeterminedsolubilityofpureSrCl2 is

3.672 mol·kg
-1
. The calculated value is

3.477 mol·kg
-1
andtheresultisconsistentwith

theexperimentalvaluesdeterminedbyHarkinsW

D( 3.517 mol· kg
-1

)
[ 10]
andMilikanJ( 3.487

mol·kg
-1

)
[ 9]
.InFig.2, onlyfourexperimental

pointsaredeterminedbyHarkinsWD
[ 10]
andthe

eutonicpointofthesystemisnotdetermined.The

calculatedeutonicpointconcentrationsforKCland

SrCl2 are1.377mol· kg
-1
and3.316 mol·kg

-1

respectively.Thesolubilityisothermat18 ℃ de-

terminedbyAssarssouGO
[ 11]
wasplotted.Asbe-

ingshown, thesolubilityoftheKClattheequilib-

riaincreasesappreciably.

Thecalculatedcomponentsolubilitiesinin-

vestigatedsystemsareconsistentwiththeexperi-

mentaldata.TheresultsindicatethatthePitzer

modelcanbesuccessfullyappliedtocalculatethe

componentsolubilitiesofthesystemsconstituted

byStrontium.
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基于 Pitzer模型的 25℃时 NaCl-SrCl2 -H2 O和

KCl-SrCl2 -H2 O体系溶解度计算
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摘　要:用 Pitzer离子相互作用模型计算了 25 ℃时 NaCl-SrCl2-H2O体系和 KCl-SrCl2-H2O体系的溶解度并

绘制了相图,计算值与实验值相符合。结果表明, Pitzer模型能够用于含锶水盐体系的溶解度计算。
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