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Background

0 How to save the sun’s energy for a rainy day?
0 Store it in Phase Change Materials (PCMs)

0 Energy stored: S=2>L

0 Energy released: LS

0 Locked as the latent heat of fusion

0 Operating temperature: 150 C - 350 C




Background

0 Paraffin compounds

0 Organic compounds (acids, amides, glycols...)
0 Inorganic compounds (salts, water)

0 Eutectic compounds (organic or inorganic)
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Organic Compounds
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Eutectic Compounds
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Halotechnics Products

Products by Temperature 3tability Range
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Haloglass CK has extremely low viscaosity even at low

temperatures making applications possible in extreme
environments.

Metting Point: 400 °C

Maximum Stability Peint; 1,200 *C

Thermal management in aerospace applications
Waste heat capture in industrial processes
Specialty fluid for izothermal temperature control
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Approach

0 NaNO; and KNO; most mentioned in literature and in
industry

¢ Compare CsNO,, LINO,, RbNO, with:
0 NaNO; only
0 KNO; only
0 NaNO; and KNO,




Approach

0 Calculated the phase diagram for each system
0 Noted the eutectic temperature of melting
0 Noted the eutectic composition

0 For ternary systems, used 30%mol KNO,

0 Ruled out mixtures operating at too | T because
¢ Want to take into account heat loss during storage

0 Concentrate sunbeam temperature is ~150-350C

0 Did equilibrium calculations at eutectic comp.

0 Pick 2 mixtures with T latent heat of melting




oy Database Selection
0 Flsalt

0 -ALKN (HT solid solution NaNO3, KNO3; dilute Rbno3, CsNO3)

0 -CRKN (HT solid solution RbNO3, CsNO3; dilute KNO3)

0 -CsKN (LT solid binary solution CsNO3: dilute KNO3)

0 -NKNA (LT, high KNO3 content solid binary solution KNO3; dilute NaNO3)
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Phase Selection

0 Select all stable phases in accordance to phase
diagram results

0 Always picked Ftsalt-SALTE for liquid phase
0 Omitted some Base-Phases at times because...

Solution species Selected: 3/3
= | + | BasePhase | Full Name | il
+ | FTzalt-ALKN  Mak [RbCsl/MO3zs) + |Code| Species | Data | Phase
| |24 (CeMOJGALTE] . iFTsat | FTsalt-SALTE
+  FTsalLREN Ab.Cs[K)/ MO Jss] |23 KNOFSALTE]  FTsab  FTsab-SALTE
+ FTzalt-CskM CeMO3-[KMO 323 | 22 MaND3SALTE]  FTsal  FTsal-SALTE
+ FTaalt-MEMA KHO3-[MaMO3]LT)
FTzalk-5ALTD D5 alt-liquid
I FTzalt-SALTE ESalt-liguid | -t
FTsalt-SALT 7 75 alt-iquid + |Code| Species | Data | Phase

21 CoO[Gh BT FTsat  FTsalt-GALTD

20 K. LTD) FTzalt  FTzal-SALTD
1 Ma20[SaLTD) FTzalt  FTzal-SALTD




Results

Phase Diagrams
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LiNO; - KNO, LINO; - NaNOQ,

1atm $actioy 1.atm fFactsge

400 T T T T 400

350 Faa7o0 T 350 | T
ESalt-iquid

300 - ESalt-liquid i

255 °C 2587 °C

250 B 250 | =

ESalt-fiquid + NaNQ,{z) 183°C
o —_ 0.535 ESatt-liquid + LiNO,{s)
E 200 [ ESaltdiquid + KNO,{s2) 4 2 om0k |
126 °C ESalt-liquid + LINO,{s) i
180 | 0.424 . 150 | i
100 — 100 F i

NaMO,(z) + LiNO,(s)
KNO,(s) + LiNO,(s)

50 E 50 F 4
0 1 1 1 1 0 I I 1 1
0 0.2 0.4 0.6 0.8 1 0 02 04 0.6 0.8 1
LiNO/(LiNO+KNO,) (mol/mol) LiNO,/(LiNO,+NaNO;) (mol/mol)
LiNO; - NaNO, - KNO,
KNO/{LiNO,+NaNO+KNO,) (mol/mol) = 0.3, 1 atm thtﬂage"
400 T T T T T T
350 | T
ESalt-liquid
300 F ]
250°C
250 b
- 209°C
= 200 157°C 4

ESaht-liquid + MaNO,(s) 0.457
o o ESalt-liguid + LiNO, (=)

1585 oftsiquid + NaMO,{s) + =2)

ESalt-liguid + LiNG, (=) + NaNO, (=)
ESsfiTiquid + NalNO, =) + KRN0 [E]

100 + 115°C i
50 | LiNO, (s} + NaNO,{) + KNO,(z) |
D 1 1 1 1 1 1
0 0.1 02 0.3 0.4 05 0.6

LiNO,/(LiNO,+NaNO+KNO;) (mol/mol)




T{C)

400

350

300

250

200

150

100

50

RbNO; - KNO,

RbNOQ; - NaNO;

1 atm Gactsae 1atm Lactsyy
T T T T SUU T T T T

400 -

ESat-fiquid ESait-igyid + RENC S
4 310°C 314 °C
It-liguid + RbNO,(E2) [~ ol
) 3%" liquid + R0, (=2) ESalt-liguid +

ESalt-liquid + KNO,{s2) -
- ' —
0 5"‘3592 C ESsitliquid + RENO,(2) = ft-tiquid + RENg

: e 3 ESalt-liquid + NaNO,(g) 164°C

ESalt-liguid + REND_[=) Bl 200 + - Lot 0.569 ESalt-iguid + RENO,(22)

KNO,{sZ) + RBNO,{s)

130°C

KNO, (g} + RENO, (<)

100

0.2

04 0.6

0.8 1

RbNO,/(RbNO,+KNO,) (mol/mol)

400

350

300

250

200

T(C)

150

100

50

RbNO; - NaNO; - KNO,
NaNO,/(RbNO+NalO,+KNO,) (mol/mol) =

NaNG, () + NaRb,{NO,),(s)

NaRb,(NO,), () + RENO, ()

e

0.3, 1atm

RbNO,/(RbNO,+NaNO,) (mol/mel)

GactSage”

ESalt-liguid

[ 238°C

[ ESalt-iquid + KNO, (=2}

|ESalt-liquid + NaNO (=) + KNO, {22y

ESG’""'-EE_"E_"

ESalt-iguid + NaNQ, () + KNO,(s)

ESalt-iquid + NaNO,(s) + RbNGQ, (=)

- 116°C
0.417

= NaNO, () + KNO,{z) + RENO,{z)

1
0 0.1 02 0.3 0.4

05 06

RbNO/(RbNO+NaNO+KNO,) (mol/mol)

RbN

0.4 06

0.8 1



T(C)

400

350

300

250

200

150

50

NaNOQO, - KNO,

1 atm

Ga::tﬁage"

336 °C

Rb,C=}//NO,(ss) + ESaitshiquid

ESalt-liguid

Ma,K,[Rb,Cs

WNG, ==} + E

310°C 1

VNG {==) + NaNO, (s}

KM, (=) + NaMNO (=)

0.4 0.6
NaNO,/(NaNO,+EKNO,) (mol/'mol)

0.a 1




Selecting Mixtures by Operating

‘Temperature
Mixture Eutectic Melting'—l'emperature (C) Eutectic Composition (%mol)
CsNO3-KNO3 221 0.404
HNO3KNO3 126 0424
RbNO3-KNO3 154 0.569
CsNO3-NaNO3 182 0.48
LINO3-NaNO3 195 0.535
RbNO3-NaNO3 164 0.569
EsNO3-NaNO3-KNO3 145 0345
LINO3-NaNO3-KNO3 159 0.457
RbNO3-NaNO3-KNO3 He 0417

NaNO3-KNO3 223 0.478




0.404 CsNO3 + 0.596 KNO3
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0.3 KNO3 + 0.243 NaNO3 + 0.457 LIiNO3
C:A\HWA4-5\Equi0.res 29Apri13

REDDD |-

15000 |-

Esalt-liquid#1

35000 (- 159.01°C

Defta H(J)

Esalt-liquid#1
NaNO3_solid dH=21296.93]

25000 |-

"Na,K,[Rb,Cs]//NO3 (s
=000 LLINO3_solid
NaNO3_solid

123.11°C

KNO3-[NaNO3] (LT) B
<— LiNO3 solid
NaNO3 solid

Q50D |-

R L] \ ] \ 1

1] Q5D 100 150 200 250 300 350 460




0.522 KNO3 + 0.478 NaNO3
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Selecting Best Mixture based on Latent
Heat

Mixture Eutectic Melting Temperature (C) Eutectic Composition (%mol) Latent Heat of Melting (J)
CsNO3-KNO3 221 0.404 9829.352
RbNO3-KNO3 154 0.569 10922.157
CsNO3-NaNO3 182 0.48 14641.638
LINO3-NaNO3 195 0.535 22525.598
RbNO3-NaNO3 164 0.569 14948.805
EsNO3-NaNO3-kKNO3 145 0345 -
LINO3-NaNO3-KNO3 159 0.457 21296.929
RbNO3-NaNO3-KNO3 6 0417 -

NaNO3-KNO3 223 0.478 11825.938
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