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MOLTEN SALT ENERGY STORAGE
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AR | SRR | MEBHME | AR GLE | EESHERE | IHERINESRE | IEEhr=(H
iZiEidia) SeRINE B IR
(MW) (MW) (MW) (%) (J7 M) (77 M) (12)
FTEE20226F F YL RIN B 1350 12150 0 10 12.96 19.44 18
558 TR BNARTE 400 5400 1200 5.7 3.84 5.76 5.4
it 2025F /IR IE

2021 F—HRNINE (BE. BHFR. FH) 1010 18190 5950 4 9.7 14.5 13.5
it (Mw) 2760 35740 7150 6 26.5 39.7 36.9
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COOPERATIVE STRATEGY
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Appendix L. Solar Two Nitrate Salt - Lessons Learned (S. Showalter) ;ZD —F KEE 1990¢fﬁ Bﬁ%—/l\

SRBEA A RRE

L.1 Specification and Composition As-Received

N N\ N AN <\ /
The orniginal specification for the heat transfer and thermal energy storage medium at Solar Two ;R ) T\/VE jg ﬁz“ 1 W %m\@ E/\j

called for 3.37 million pounds of nitrate salt prills with the following characteristics:

i, XFZZ, ENIHE
NAATITEZR ST IAER

—_—\\
Maximum 0.6 wt% chloride ion from all sources (corrosion control). j(/T\ /H=0

1. 60 wt% NaNOs and 40 wt% KNO; delivered in 1000 kg (2000 1b) bags.

Minimum nitrate salt concentration of 98 wt%.

Mg(NOs)2 — MgOg + 2NOy i) + 1205 ) L.7 Lessons Learned

The following points summarize lessons learned with respect to the nitrate salt:
It turns out that the Solar Two salt contained approximately 0.05 w 00 ppm) Mg in the form

of magnesium nitrate, as can be seen in Table L-1. The original specification provided no .
specific limit for magnesium because this decomposition reaction had never been experienced in
previous tests and experiments. NOs is responsible for the brown gas and MgO precipitates to
the bottom of the melt as a white flocculated solid. As the salt decomposes, it loses weight as
gas evolves.

The salt specification for Solar Two was adequate, with the exception of the magnesium.

Magnesium results in off-gassing that should be accounted for in the plant design and startup
plan. Care must be taken because NO, is extremely toxic and forms corrosive nitric acid

hen combin ith water.
Experiments revealed that below 482°C (900°F), the rate of weight loss is negligible. At 565°C e

(1050°F) in a steel vessel containing about 9 kg (20 Ib) of salt, off-gassing resulted in a weight

. S e ; : - Thermal conditioning was adequate for removing the magnesium. MgO solid fines that
loss rate of 0.002 Ib/Ib/min initially, tapering to zero once the reaction was complete. Once

accumulated in the tanks and elsewhere presented no problem.
[ iy [+ a
Since salt prices increase with salt purity, it may be economical to accept lower purity salt if

. - - N - ; - pretreatment is designed into the system/plan.
After 20 days at temperatures around 1025°F, the concentration of magnesium dissolved in the

salt reached a level, around 0.001 wt%, such that weight loss was complete, as verified by Other impurities not yet experienced may result in a problem similar to the Mg. The

th‘ermogravimerric ana]yse§ performe_d‘at Sandia_. The‘salt was henceforth used in the system likelihood for such problems is low, however, since work at Sandia with a wide range of
! il\;i *;* with no problem related to its composition or melting point.

Thermogravimetric and differential scanning calorimetry experiments should be performed
L.6 Changes with Use to characterize salt stability and melting point, respectively, over the temperature range of
interest prior to procuring the entire plant inventory.

The composition of the salt changed as expected throughout the project. Perchlorate decreased,
magnesium stayed low, nitrite formed within the bounds of equilibrium expectations, and no If chloride concentration is kept within the Solar Two specification, additional corrosion tests

51 == Fﬁg S,K E/J 4R TIATAS E/J problems were observed. For an unknown reason, the salt melting point gradually lowered are not needed. Corrosion was not a problem with the exception of SCC, which is related
A S A , g g )
j:IE 7~/ WE J\Eg ) ’I*B‘—‘l g‘—‘l 1’-|-E throughout the project from 404°F to something near 395°F when the plant was shut down.

Although unexplained, this change appeared to have no effect, positive or negative, on the
Z8N = = oS AN S formanc ar Tw -
éI /)il E,\Jkg JIII.? b IEET%E]Z I 17%?%29{1@ performance of Solar Two. more to salt chemistry than to moisture intrusion. It would not make sense to specify

chloride-free salt and there is not enough information to provide a new chloride specification
%EE E/\J T > related to SCC.

e Salt prills form blocks if they sit around too long. This should be included in the startup

thEE S TEMRERAEILE TR A RAB R BIFT RO plan.
SEE, BISTIRRIm
XBRAE

e Salt composition changed as expected.
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