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leachingprocesscanreacharemo ashescollectedbytheelectrostaticpreci
valintherangefrom75 to100 ofpitatorfromtherecoveryboiler SaturniFigure1presents thecompounds
chlorideandpotassiumcompoundsofne 2003 intheprecipitatedsolidphaseinfunc
electrostaticprecipitatorashesfromTheequationusedconsistsofationofthepotassiumcontent expres
therecoveryboiler withalossnotthirdgradepolynomialexpressionsedbythemolarratio K K Na and
superiorto10 and30 ofsodiumwhichcontainstheindependentparathealkali levelinthesystem expres
sulphateandsodiumcarbonate resmeters temperature alkalinity hydro sedbytheOHmolalconcentration
pectively Prykeetal 1983 andxideplussulfideconcentration inequiTheseparameterswerechosenbecau
Mindayetal 1998 Theselossescanvalentgramperlitre andpotassiumsethemolarratioisanindexthat
beminimized practicallyeliminamolarratioinrelationtocations Kmeasuresthepotassiumenrichment
ted throughtheintroductionofa K Na aswellas compoundparame whilethehydroxideconcentrationis
crystallizingoperationaftertheleaterswhichincludetheconcentrationsofanimportantparameterforthewhite
chingstage Manyindustriesaroundothercompoundsinsolution Theliquor Itisimportanttostatethatthe
theworldhaveevaluatedthistechlayoutoftheequationsandthevaluesalkalileveloftheleachingsystemwas
niquesincethe1970softhecoefficientsinthemodelwerearoundzero 10 OH 10 ie5 4

Thisworkhastheobjectivetodeterminedusingstepwisemultiplenearthe x axis
analyzethesolubilityofthesaltsthatregressionstatisticaltechniques TheThediagramshowedinFigure1
composetheelectrostaticprecipitatorequationsgeneratedwerefittedto3450describestheequilibriumthatexists
ashduringleachingassayswithwasolubilityexperimentaldatapointsinthesolidphaseofthesystem Na
ter Intheashleachingprocess itisGilbert 1976 K Cl CO SO Forexample it22
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desiredthatthemaximumquantityofStartingfromthismodel somecanbeseenthatthereisacurvewith
thechlorideandpotassiumcompoundschangesweremadetobecomepossi losanglemarksfortheequilibriumof
bedissolvedwhilethecompoundsofbletoapplytheoriginalproposedthechloridecompounds Itmustbe
sodium sulphateandcarbonatestayequationstotheaqueoussystem Nanoticedthatontheleftofthiscurve
inthesolidphase So itispossible K Cl CO SO studiedinourthestablesolidphasecorrespondsto22
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torecoverthesethreeelementsthatleachingprocess Usingtheequationssodiumchloride NaCl Thus ash
areimportantonpreparingthewhiteitwaspossibletoplotsolubilitycurwithpotassiummolarratio K
liquorvesforthesystemstudied therefore K Na locatedinthisareawillhave

Thus thisstudyisdividedintheobtainingthecompositionofthesolidchloridecrystallizationinsodium
followingsteps i acquisitionoftheandliquidphases Thedatashowedinchlorideform ifthesolubility limitof
solubilityexperimentaldataofthesaltsTable1 placedinacorrectwayinthethisionisreachedafterthemixtureof
formingtheashthroughleachingexEquation1 willgeneratethesolubiliashandwaterduringtheleachingpro
periments ii calculationofthesolutycurveforchloride carbonate andcess Ontherightsideofthecurve
bilitydataofthesaltsbyathermodysulphate Afterthis comparisonsbethechloridewillcrystallizeaspotas
namicmodeland iii comparisonbetweentheresultspredictedbythemo siumchloride KCl Mixturesinwhi
tweentheexperimentaldatapointsdelandtheexperimentaldatafromthechthevalueoftheratio K K Na
withthosepredictedbythe theoryleachingtestsweremadeislocatedoverthecurvewillshow

crystallizationofbothsalts
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modelstrytosolvetheproblemstudied K Na Cl j SO ses burkeite 2NaSO NaCO so42423
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moment the empiricmodeldevelopedby K Na Cl t T CO sulphateandburkeitesimultaneosly22
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Gilbertistheonlycapabletodetermineu T SO v T SOandotherregionwheretheglasserite22
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tassiumcarbonate KNaCO andTable1 Coefficientsforthesolubilitycurve 3
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marks theburkeitecrystallizationb 3975540
occurs Betweenthiscurveandsec 00048900
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s 0000303 Liquidphase
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nextstepisthequantitativedetermi
nationoftheionconcentrationinthe
liquidphase Thisparameterwillbe
obtainedfromthesolubilitycurvesof
thesystem Na K Cl CO23

SOforwhichweconsiderthecon2
4

centrationofeachanion Cl CO23
SO versusthecationmolarratio2
4

representedby K K Na Withthis
information itisalsopossible through
amassbalance todeterminetheso
lidphasecontentandalsofindthe
removalofeachion Afterthesedata
becalculated itwillbepossibleto

Figure1 SolidphasediagramofthesystemNa K Cl CO SO at22
comparethemwiththeexperimental34

55C results Itisexpectedthatthemodel
willbeabletohelpinunderstanding
thebehaviourobserved Itisalsoim

glemarks andthesulphatecancrysportanttosaythatthesolubilitycurvethesulphatecancrystallizelikeso
tallizeaspotassiumsulphatevesofeachanionwillbegivenindiumsulphateorburkeite while atthe

functionofthecationsmolarratio KFinally thephasediagramshowsrightsideofthecurveistheregion
K Na ina valueofOHconcentraforcarbonatethreetransitioncurveswheretheglasserite isstable If the
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molarratio K K Na weregreater
than0333 Ifthechlorideconcentra
tionisunderthesolubilitycurve itwill
becompletelydissolvedintheliquid
phase Therefore wehaveaqualitati
veandquantitativedescriptionofthe
chlorideinbothphases

Solubility curvesforcarbonateand
sulphateversuspotassiummolarratio
K K Na foreachtemperaturewere

alsoobtained Figures3and4showthis
solubilitycurvesat55C respectively

Figure 2 Chloridesolubility curveofthesystemNa K Cl CO SO Thecarbonatesolubilitycurveat22
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at55C 55C Figure3 showsthreetransiti
onpoints trianglemarks thefirstone
isthetransitionfromburkeite
2NaSO NaCO tosodiumcarbo2423

nate NaCO atthepotassiummolar23

ratio K K Na of0166 Itisim
portanttonoticethatthepresenceof
twocurvesinthisregionisrelatedto
therelativeconcentrationofsulphate
andcarbonate ie initiallyifthecar
bonateconcentration ishigherthanthe
inferiorcurve burkeitewillcrystalli
zeuntilthesulphateanionisdepleted
inthiscasethereisanexcessofcarFigure3 CarbonatesolubilitycurveofthesystemNa K Cl CO23 bonate IfthecarbonateconcentratiSO at55C2

4 onishigherthanthesuperiorcurve
theremainigcarbonatewillcrystalli
zeassodiumcarbonate Ontheright
sideofthefirstpoint onlyoccurs the
crystallization ofsodiumcarbonate so
thetwocurvesjoininasingleone So
thedashedlinerepresentstheregion
whereburkeiteandsodiumcarbonate
cancrystallize Asecondtransition
pointislocatedatthepotassiummo
larratioof0843anditreferstothe
transitionfromsodiumcarbonateto
sodiumandpotassiumcarbonateFigure4 SulphatesolubilitycurveofthesystemNa K Cl CO23
KNaCO ThisregionisindicatedbySO at55C2 34

aplaincontiunousline Finally the
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IntheFigure2 itisshownthetemfromNaCl continuousline to transitionformsodiumandpotassium
chloridesolubilitycurveat55CInKCl dashedline Thus oncethechlo carbonate KNaCO to hydratedpo3

thiscurve itisimportanttonoticearideconcentrationreachesvaluesover tassiumcarbonate KCO 32HO232

specificpoint trianglemark inwhichthechloridesolubilitycurve itwill Thisregionisrepresentedbyabulk
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whichitispossibletoobservetwo Table2 Compositionofsyntheticand industrialashes
transitionpoints triangle marks the ElementsSyntheticandstudiedIndustrialunit
firstone atpotassiummolarratioof byJaretuneAly mass
0166 establishestheregionof mass
burkeitecrystallization Thetwocur

Sodium33112908vesontheleftsideofthefirstpoint
Potassium1791013representthesolubilitylimitfor
Chloride19241793burkeite inferiorcurve andforso
Carbonate304382diumsulphate superiorcurve Asi
Sulphate42823904milaranalysistothatpreviously Total1000010000madeforcarbonateanioncanex

plainthepresenceofthesetwocur
ves Thus ifthesulphateconcentra
tionishigherthanthatoftheinferi parametersstudied Allexperiments tedfromtheexperimentswereanaly
orcurvetheburkeitewillcrystallize weremadein15minutes oncethis sedbyxraydiffraction Afterwards
and inthecasewherethesulphate timeissufficienttothephaseequili comparisonswiththeresultspredic
concentrationishigherthanthesu briabereachedinthesystem Theash tedbythethermodynamicmodelwere
periorcurvethesodiumsulphatewill waspreviouslyheatedtosimulatebet performed
alsocrystallize Betweenthepotas tertherealconditionsinamill The
siummolarratiovaluesof0166and temperatureofthesystemwasmoni
0539 glasserite 3KSO NaSO toredaswellasthemixersspeed 300 Inthefirstseriesofexperiments2424

crystallizationoccursand finally on rpm wasmaintained duringtheex syntheticasheswereemployedwith
therightsideofthesecondpoint K periment Oncethesystemreached thepurpousetoverifytheresultspre
K Na 0539 potassiumsulpha equilibrium themixturewasfiltered sentedbyJaretunandAly 1998 as

tewillcrystallize Itisimportantto andsamplesofthesolutionandsolids wellastochecktheexperimental
mentionthatinothertemperatures werecollectedandsubmittedtoche layoutandthechemicalanalysisem
thecurvesshowsimilarprofiles but micalanalysis ployed Afterthisprocedure itwere
differentconcentrationvalues Thechemicalanalysisconsistedin performedexperimentswithashsam

atomicabsorptionspectrophotometry plesfromamill Theresultsareshown
fordeterminationofpotassiumand inTable3

Initially inordertoobtainthe sodiumconcentrations titrationwith Comparingtheresultsobtained
experimentaldata asyntheticashsi silvernitrateforchlorideconcentra fromthesyntheticashexperiments
milartothatstudiedbyJaretunand tionandtitrationwithhydrochloric withthosestudiedbyJaretunandAly
Aly 1998 waspreparedwiththein acidforcarbonateconcentration The 1998 itcanbeobservedthatthere
tentiontoverifythe resultsaswellas sulphateconcentrationwasdetermi isasimilarityintheresultsforthe
confirmourexperimentalsetupand nedbymassbalanceandmolecular ionextraction chloride potassium
thechemicalanalysisemployed The absorptionspectrophotometry The carbonate sodiumandsulphate
syntheticashwasobtainedfroma analysisperformedbyJaretunandAly whichgeneratescurveswithsimilar
mixtureofestablishedquantitiesof 1998 wereioniccromatographyto behaviour buttheyareslightlydiffe
salts sodiumchloride sodiumcarbo determinetheconcentrationsofchlo rentintheextractionvalues Speci
nate sodiumsulphateandpotassium ride carbonateandsulphateandplas ficallyforthecarbonate forinstan
chloride atthesamecomposition maemissionspectrophotometry to ce thereisareductionoftheextrac
likethatusedbyJaretunandAly determinethepotassiumandsodium tionfollowinganincreaseintempe
1998 Samplesofasheswerealso concentration Thesolidphasecollec ratureandashconcentration these

collectedfromarecoveryboileres
lectrostaticprecipitatorofabrazili Table3 Valuesofeachparameterfortheashleachingprocess
anmill Thecompositionofeachash

Temperature CConcentration kglisshowedinTable2
5506Theleachingtestswererealizedin
6510aglassreactorinsideacontrolledwa
7514 99terbath Table3showsthe

leaching



Table4 Extractionrangesof theions potassium chloride carbonate sulphateesodiumofthesyntheticash
studied byJaretunandAlyandindustrial

ExtractedIonsExtractionrangeforExtractionrangeforExtractionrangefor
JaretunandAlyash syntheticash industrialash

Potassium90 10093 10026 74
Chloride75 10065 9065 90
Carbonate85 10060 905 10
Sulphate10 5018 535 35
Sodium34 7034 7030 60

plainedbyexperimentalerrorsduTable5 Potassiummolarratio K K Na ofthesynthetic andindustrialashes
ringthechemicalanalysisemployedSyntheticashandstudiedbyIndustrialash
WhiletheanalysisusedbyJaretunJaretunandAly
andAly 1998 wereioniccromato

K K Na 0026501704 graphyandplasmaemissionspectro
photometry titrationandatomicab
sorptionspectrophotometrywere

tendencyisthesamefoundintheliusedinthisworkresultsagreewiththetendencies
terature HighsolubilizationofthisOnceithasbeencheckedtheexfoundinJaretunandAlywork Ho
ionwasobservedinourexperimentswever inthisworktheminimumsotractionrangesforeachionintheash
extractionrangefrom65 to90 thenextstepconsistsintoevaluatethelubilizationofcarbonatewasnearby

aswellasinJaretunandAlyworkresultsobtainedintheleachingprocess60 whileinliteraturewas85
from75 to100 TheresultsreToanalyzetheseresults theextractionThehighpercentageofpotassium

latedtosodiumextractionagreewithextractionobserved alwayssuperirangesarecomparedthethosecalcula
thatfoundbyJaretunandAly who tedusingthethermodynamicmodelorto90 forallexperimentswith
seextractionvaluesarelocatedinaInitially thepotassiummolarratio Ksyntheticash alsoagreewithlitera
rangebetween34 and70 For K Na wasdeterminedfortheashture Comparingtheresultsforthe
sulphateextraction theresultsobchlorideextraction ithasbeenposTheresultsareshowninTable5
tained 18to53 werealittlediffeBaseduponthevaluesoftheposibletonoticethatthereareafew
rentfromthosepublished 10 totassiummolarratio K K Na anddifferenciesinthevalues probably
50 Thesedifferencescanbeexthesolidphasediagram Figure1 itduetoexperimentalerrors butthe

Table 6 Extractionrangesforpotassiumineachashevaluated

JaretuneAlySyntheticIndustrialash

Experimentalextractionrange
90 100 93 100 26 74

Predictedextractionrange100 100 27 67

Table7 Extractionrangesfortheions chloride carbonate sulphateandsodium forsyntheticandJaretunandAlyashes

˝onsExtractionrangeExtractionrangeofExtractionrangeof
predicted JaretunandAly syntheticash

Chloride65 10075 10065 90
Carbonate70 10085 10060 90
Sulphate17 5010 5018 53

100Sodium37 7034 7034

70



hasbeenpossibletodetermineifpo
tassiumsaltswillcrystallize Inthis
way themodelcanpredictifthepo
tassiumwillbecompleteddissolvedor
not InTable6itispresentedtheex
perimentalextractionrangeresultsand
thosepredictedbythemodel

Theresultsforthesyntheticashof a Potassium bChloride

thisworkandthatstudiedbyJaretun
andAly 1998 indicatetheinexisten
ceofpotassiumsalts Therefore consi
deringthisfact itcanbepredictedthat
thepotassiumextractionwillbe100
orundernonidealconditionsavalue
nearby100 Itisimportanttomenti
onthatonlysixpoints outofeighteen d Sulphatec Sodium

forbothashesweredifferentof100
Figure5 GraphicsofionsremovalplottedversustemperatureforJaThesepointswereobtainedinexperi
retunandAlyash Dottedline modelpredictionofashconcentrationmentswithhighashconcentrationwhe
igualto06kgLreitismoredifficult tohavehomoge
Dashedline modelpredictionofashconcentrationigualto10kgLneosconditions Fortheindustrialash
Continuous line modelpredictionofashconcentrationigualto14kgLthepointwithpotassiummolarratio

Experimentalpointsofashconcentrationigualto06kgLequalto01704islocated Figure1
Experimentalpointsofashconcentrationigualto10kgLwhereoccursthetransitionfromburkei
Experimentalpointsofashconcentrationigualto14kgLte 2NaSO NaCO toglasserite2423

3KSO NaSO Thus thepotassium2424

molarextractionwillbeinferiorto
100 Itcanbeobservedforthissys
temthatthemodelandtheexperimen
talvaluesareinagreementforthepo
tassiumextraction Theresultsoflea
chingassayscanalsobeobservedin
Figures5 6and7

FromtheresultsonTable4andFi
gures2to4 itcanbeverifiedthatthe a Potassium bChloride

chloridewillcrystallizeassodiumchlo
ride NaCl fromallashes Thesulpha
tecrystrallizesassodiumsulphate
NaSO fromthesyntheticashand4
2

glasserite 3KSO NaSO fromthe2424

industrialash Thecarbonateasburkeite
2NaSO4 NaCO fromthesynthetic223

c Sodium dSulphateashandsodiumcarbonate NaCO23

fromtheindustrialash Itisimportant Figure6 Graphicsofions removalplottedversustemperatureforsyn
toremember thatthecrystallization oc theticash
cursonlyifthesolubilitylimitofthe Dotted line modelpredictionofashconcentrationigualto06kgL
ionissurpassed Finally withthein Dashedline modelpredictionofashconcentrationigualto10kgL
tentiontocertificate thebehaviourdes Continuous line modelpredictionofashconcentrationigualto14kgL
cribed Xraysdiffractionanalysiswere Experimentalpointsofashconcentrationigualto06kgL
madeinthesolidphasesformedinthe Experimentalpointsofashconcentrationigualto10kgL

101leachingprocesses Thecompoundsso Experimentalpointsofashconcentrationigualto14KgL



Itispossibletoverifythatthechlo
rideextractionisinaccord tothatex
pected Forcarbonate thesituationis
similar butinthiscase theextraction
issuperiortothatexpected Thesulpha
teresultsshowedagreementbetweenthe
modelandexperiments Finally so
diumhaveawider range howeveronlyb Chloridea Potassium

onepoint 602 islocatedoutsidethe
predictedrange

Theresultsofindustrialashhave
beenusedtoverify themodelefficien
cyinpredictingthebehaviourofashes
withdifferentcharacteristicsfromthe
twoprevioussyntheticmaterials The
formationofsaltscontainingchloridec Sodium dSulphate

andpotassiumaftertheleachingredu
Figure7 Graphicsof ionsremovalplottedversustemperatureforindus cestheprocessefficiencyTherefore the
trialash evaluationoftheashwithdifferentcom
Dotted line modelpredictionofashconcentrationigualto06kgL positionsallowstoverifythemodelabi
Dashedline modelpredictionofashconcentrationigualto10kgL litytopredictformationofohtersalts
Continuous line modelpredictionofashconcentrationigualto14kgL likeglasserite andalsothebehaviour

Experimental pointsofashconcentrationigualto06kgL oftheleachingprocess Accordinglyto
Experimental pointsofashconcentrationigualto10kgL thethermodynamicmodel theefficien
Experimental pointsofashconcentrationigualto14kgL cyofthisprocesswilldependontheash

initialcomposition Fortheindustrial
ashstudied themodelcouldpredictthe

ItcanbeobservedinTable6anddiumsulphate sodiumchloride andglasseriteformation confirmedbythe
inFigures5and6thatexitsagoodburkeitewereidentifiedinthesolidphaXraydiffractionanalysis aswellasthe
agreementbetweentherangepredicsesofthesyntheticashandthecomexperimentalextractionranges which
tedfortheremovalandtheexperipoundsglasserite sodiumsulphate soshowdistinctbehaviourfromthesyn
mentalvalues Also itcanbeobserdiumchlorideandburkeiteinthoseoftheticash However ananalysisofthe
vedthattheresultsobtainedinJaretheindustrialash Theseresultsagreeinffluenceoftheashcompositioninthe
tunandAlyworkareinside theprewithpredictionsofFigure1 Itnotewor leachingprocesswillbethegoalofa
dictedrange Thesyntheticashofthisthytomentionthatitwasimpossibletoforthcomingwork
workalsoshowsagoodagreementidentifythepresenceofsodiumcarbo

InTable8andinFigure7itcannateinthe industrialashsolidsbecause
beobservedcomparisonsbetweenofinterferencebetweenthepeaks InBasedonthephasediagramand
theexperimentalresultsandtheTable7 itisshowedacomparisonofthesolubilitycurvesdeterminedbya
rangeofextractionvaluescalculatheextractionrangepredictedbythethermodynamicmodel itisdetermi
tedusingthemodelfortheindusmodelwiththeexperimentalresultsnedthecompoundsformedintheso
trialashfoundfortheseionslidphase aswellastheextractionle

Table8 Extractionforions chloride carbonate sulphateandsodiumforindustrialash

˝onsExtractionrangepredicted Extractionrangeofinsdustrialash

Chloride75 10065 90
Carbonate05 10
Sulphate10 305 35

102Sodium32 5030

60
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