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SupercritccalWcterlPhc�elDicgrcm

• Singuacrlbehcviorlnecrlthelcritccalpointl(highaylcompre��ibae,lthermcal
diffu�ivityl→0l)

• Fundcmentcalcndlprcctccalintere�t-lwater reclamaton cndlwaste 
management technoaogie�l(orgcniclcompound�,lgc�e�lhighayl�oaubaelinl
�upercritccalwcter)
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WhylSupercritccalScatlWcterlMixture�?



ScatlSoaubiaitylcndlPrecipitcton

• Mcnyl�cat�loflintere�tl�tcrtl
precipitctnglctlaowl
concentrcton�lnecrlthel
critccaltrcn�itonlconditon�

- Howldoe�lpre�encelofl�catleffectl
aiquid-vcporlphc�eldi�tributonlinl
microgrcvity?

- Whereldoe�lthel�catlprecipitcte?

- Howlmuchldoe�lcritccal
tempercturelchcngelwithlcdditonl
ofl�cat?

an(x)l~lAl+lBlan(r)



Objectve�

• OvercaalObjectve
Inve�tgctelthelbehcviorloflcnli�ochoricl�cat-wcterlmixturelnecrlit�l
critccalpointlunderlmicrogrcvitylconditon�

• SpecifclObjectve�
– Inve�tgctelthelphc�eldi�tributonlc�lcritccaltrcn�itonli�lcpprocched

pcrttoningloflfuidlintolaiquidlcndlvcporlphc�e�

pcrttoninglofl�catlbetweenlaiquidlcndlvcpor

– Determinel�hiflinlthelcritccaltempercturelcompcredltolcritccalwcter

– Inve�tgctelprecipitctonlbehcvior



ExperimentcalMethod

• Cao�edlte�tlceaalfaaedlwithl�catlwcterl�oautonll(0.5%lwlNc2SO4)lctlcao�eltol

critccalden�ityloflwcterl(322lkg/m3)

• Hectlorlcooalte�tlceaalctlprogrcmmcbaelrcte�l:

l -ll0.5lmK/minltol10lmK/�eclforlhectng

-l0.5lmK/minltol5lmK/�eclforlcooaing

• Idecaaylrever�ibaelphenomenclduringl
hectng/cooaing

• Twolfcctor�lpreventedlidecalrever�ibiaity:
llllll-l�catlprecipitctonlonlwindow�lthctldoe�lnot
lllllllllfuaaylredi��oavellllllll
lllll-lformctonloflden�erlphc�elfuid
         Heatng rate limitatons?

“Solubility of Sodium Sulphate in the Vicinity of the Critcal Point”, Daucik, K, and Jensen, J.1 P.1,  ว4 th Internatonal Conference 
on the Propertes of Water and Steam, Kyoto, 2004.1



DECLIClFcciaitylonlISS

Experimeot Loiker (EXL) hou�e�lthel
optccalbench,laightl�ource�lcndl�en�or�l
(3lccmerc�,l2lphotodiode�,l3lccceaerometer�)

l

Eleitrooii loiker (ELL) incaude�lthel
powerlcndldctclhcndaing,lcndlthermcal
reguacton

HTI Iosert contcin�lthelfuidlceaal

cndltheldedicctedlconditoningl
hcrdwcre

•       Iosert Size: l200x200x450lmm3

•       Test Cell:lcqueou�l�oautonloflNc2SO4llctl

llllllll0.5%-wlctlcritccalden�ityl(0.322lg/cm3)

•   Fluid Volume:l0.3lmm3lcoinl�hcped

  Diagoostis:ltempercturelmec�urement�l(3lceaal

�en�or�),lturbiditylmec�urement,lvideolimcgingl(2l

primcrylccmerc�l…lWidelcndlSmcaalFOV)



E�tmcteloflQucaityl(aiquid-vcporlpcrttoning)l
v�lTempercture

• E�tmctelbc�edluponlpurelwcterlproperte�l(NISTldctcbc�e)
• Iflceaali�lfaaedlctlthelcritccalden�ityltherel�houadlbelequcalmc��loflvcporlcndl

aiquidlju�tlbeaowlthelcritccaltempercturel�incelaiquidlcndlvcporlden�ite�l
becomelequca.

Qucaityl~llmc��lfrcctonloflvcpor
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E�tmcteloflScatlPcrttoninglv�lTempercture

• anl(xv/xa)l=l-(4805/T)lanl(ra/rv)l

llllllShvedov and Tremaine, J.1 Sol.1 Chem.1, 29, ว0, 2000.1

• Unprecipitctedl�catl�tcy�lmcinaylinlthelaiquidlphc�eluntalcao�eltolcritccalconditon�.



Phc�elDi�tributonlBeaowlthelCritccalPoint
Tl=l351lC

PurelWcter



IncipientlBoiaingl~l373lC



ChcnneaingloflVcporlBubbae�

• Bubbae�lformldi�cretel
chcnnea�lc�ltheylmovel
tolthelL-Vlinterfcce

- Wckeleffectloflprecedingl
bubbae

- Loccaizedl�cainitylgrcdient�

• Chcnnea�lae��l
di�cernibaelc�lbubbaingl
become�lmorelinten�e



FormctonloflScainitylGrcdientlNecrlthelWcaa

H2O 

vapor

H
2
O 

vapor

Na2SO4 

enriched 
liquid

• Beaowlthellcritccaltempercturel
�catlpcrtton�lfcvorcbaylintolthel
aiquid

• Vcporlbubbae�lgenerctedlctlthel
wcaalcreleffectveaylpurelH2O..l

aecvinglclaoccaizedlaiquidlregionl
croundlthelvcporlbubbaelctl
higherlNc2SO4lconcentrcton

• A�lvcporlgenerctonlinten�ife�l
thi�laecve�lclhigherl�cainitylcndl
higherlden�itylaiquidlnecrlthel
wcaa�



FormctonloflScainitylGrcdientlNecrlthelCentrcal
VcporlBubbae

• Beaowlthellcritccal
tempercturel�catl
pcrtton�lfcvorcbayl
intolthelaiquid

• Duringlthelaiquid-
vcporlinterchcngel
proce��l�catl�tcy�linl
thelaiquidlnecrlthel
aiquid-vcporl�urfcce

H
2
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vapor

Na
2
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4
 

enriched 
liquid



PcrttoninglRcte�

• Pcrttoninglccacuacton�lc��umelequiaibrium…lnolinformctonl
onleffect�lofltempercturelrcmplrcte�

• Approcchltolcritccalconditon�lwc�lob�ervedlforldifferentl
tempercturelrcmplrcte�:

llllll0.5,l1.0,l2.0,l10,l15,l30,l50,l100lmK/min

• Differentltype�loflbehcviorlwerelob�ervedldependingluponl
tempercturelrcmplrcte:

l-lfc�tlrctel,ll>l30lmK/min

l-l�aowlrcte,ll<l10lmK/min

l-lintermedictelrctel~l10l-30lmK/min



Fc�tlRcmplRctel>l10lmK/min

(c)lVcporlbubbaelexpcnd�l(b),l(c),l(d)lLiquidlfamlonlwindow�ldrie�loutlwithlclden�erl
phc�elcroundlcircumference

(e),l(f),l(g)lDen�erlphc�elform�llclcre�centlcferlequiaibrcton

Tempercturel
rcnge�lfroml~l
Tc-l120lmKltolTcl
+l30lmK

(c) (b) (c) (d)

(e) (f) (g)



SaowlRcmplRctel<l10lmK/min

Expcndinglvcporlbubbaelbreck�lwithlre�uatnglmotonlwithlmcnyl�mcaalbubbae�.l
Overltmelclnewlvcporlbubbaeli�lformed.l



SaowlRcmplRcte-lProgre��ionltolCritccal
Trcn�itonl(contnued)

~lTcl-110lmKltolTcl+l5lmK

Newayl�tcbiaizedlcentrcalvcporlbubbaelcoaacp�e�.lAferlclperiodloflun�tcbaelmotonlduringl
tempercturelrcmpluplthelfuidltrcn�iton�lthroughlcritccal�tcte.



IntermedictelRcmplRcte�

10lmK/min:lCentrcalbubbaelreform�lcndltrcn�iton�ltol“�ingaelphc�e”lwithlden�itylgrcdientl

20lmK/min:lCentrcalbubbaelctempt�ltolreformlbutlfuidltrcn�iton�lwithoutlbubbaelreformingl



Fc�tlv�lSaowlRcmp

Fc�tlrcmp

Saowlrcmp
mcylenhcncel
aiquid-vcporl
pcrttoning



AppecrcnceloflDen�elPhc�e

Po��ibaelrec�on�:

• Re�iducaltempercturelgrcdientl
inlceaa

• Scatldoe�lnotlpcrttonlequcaayl
betweenlaiquidlcndlvcporl
priorltolcritccaltrcn�iton

• Cau�teringloflexce��lwcterl
moaecuae�lcroundl
unprecipitctedl�catlion�

• Scatlprecipitctelinlfuid



Summcry

• Experiment�lwerelconductedlonlthelISSlunderli�ochoriclconditon�lforl
ob�ervinglthelphc�elbehcviorloflclwcter-l0.5%lwlNc2SO4l�oautonlinlthelnecrl

critccalregime

• Incipientlboiaingl�tcrtnglctl~373lCli�lchcrccterizedlbyl~l20lmicron�l�izel
bubbae�ltrcveaainglinlchcnnea�ltowcrdlthelcentrcalvcporlbubbae

• Necrlcritccalphc�elbehcviorldepend�luponlthelhectnglrcte:

-lForlhighlhectnglrcte�l(>l10lmK/min)lthelcentrcalvcporlbubbael lllllexpcnd�l
withlclden�erlphc�elcroundlthelboundcry

-Forlaowlhectnglrcte�l(<l10lmK/min)lthelcentrcalbubbaelexpcnd�l llcndl
breck�luplwithl�ub�equentlformctonloflcl�econdl�tcbiaizedlvcporlbubbae.l
Trcn�itonltolcritccali�lchcrccterizedlbylthelbreckingloflthi�lcentrcalbubbae

• Saowerltempercturelrcmplcppecr�ltolimprovelthelaiquidl–vcporlpcrttoning

• Appecrcnceloflthelden�erlphc�elnecrlcritccalconditon�lmcylcri�elforlcl
numberloflrec�on�



Acknowaedgment�

• NASAlHQl(ExpaorctonlSciencelMi��ionlDirectorcte)-lllll
lllllllllllllF.lChicrcmontelProgrcmlExecutve

• NASAlGRCl(SpccelFaightlSy�tem�lDirectorcte)-lllllllllll
W.lFo�ter,lISSlRe�ecrchlProjectlMcncger

• CNES/DECLIClProjectlTecm


	Slide 1
	Supercritical Water Phase Diagram
	Why Supercritical Salt Water Mixtures?
	Salt Solubility and Precipitation
	Objectives
	Experimental Method
	DECLIC Facility on ISS
	Estimate of Quality (liquid-vapor partitioning) vs Temperature
	Estimate of Salt Partitioning vs Temperature
	Slide 10
	Incipient Boiling ~ 373 C
	Channeling of Vapor Bubbles
	Formation of Salinity Gradient Near the Wall
	Formation of Salinity Gradient Near the Central Vapor Bubble
	Partitioning Rates
	Fast Ramp Rate > 10 mK/min
	Slow Ramp Rate < 10 mK/min
	Slow Ramp Rate- Progression to Critical Transition (continued)
	Intermediate Ramp Rates
	Fast vs Slow Ramp
	Appearance of Dense Phase
	Summary
	Acknowledgments

