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ABSTRACT

Produrctiun of salineg mmerals is oude possible by urilizing new
sofar pond fechnolugy, Temperatures in excess of 200°F can be
generaied by ahsavbiing the sun's energy v ¢ soft sodution. Low
temperature chemical reactivis are carried out it the solar pond
o produce the following salive mireraly in the erestelline form:

* Ankydrons sodium sulfute

* Mugnesium sulfute monahydrate

= Sodium carbonate monghydrate

* Sodium borate monohydrate

Other uses of soiar energy are also possible as follows:

a» Waste management

* Brine depost enrichment

* Hot solution mining

» Salting out processes.

These new uses of svlar energy ave of vitcal unporiance in fight
of the increasing cosv of fossil fuel,

INTRODUCTION

Although the mechanism of heating within the solar
pond was observed as a natural phenomenon just after the
turn of the Twentieth Century, it was not unty 1954 that
twe Isracli seientisis, Rudolph Bloch and Harry Tabor,
propused that the principle be evaluared for commercial
applications. The use of artificial salt-gradient ponds was
envisioned as a2 means of providing thermal energy to heut
buildings, to provide industrial process heat. and to gen-
erate electricity, An initial fest pond with an area of 600 m*
was built in 1960 and attained a temperaiure of 95°C,
proving that the concept worked. In the 1970s, several
ponds were built in the UL, S, with the research etforts aimed
at various aspects of the emerging technology.

The Israel solar pond program has probably progressed
the farthest toward commercialization. A 1108-m* pond
built in 1975 near the Dead Sen Potash Works captured a
repotted 15% of the incoming sclar radiation, with the
pond’s bottom temperature reaching 103°C. Ormat Tur-
bines operated a 1400-m? pond at Yavne for use in gener-
ating electricity. This pond provided hot brine fron: its
storage layer at 90°C to the boiler of an organic Rankine-
cyele turbine. The world’s largest pund, covering 7000 m?,
was completed in 1978 at the Ein Bokek. Brine from the
pand has been used te drive a turbine producing 33 kilo-

watts of clectricity on a continuous basis with a peaking
capability of 150 kilowatts. A primaty focus has been the
development of large-scale base load electrical generation
in the Dead Sea, possibly using water {rom the Mediter-
ranean.

Loy the United States, probably the best known attempt
at developing a similar project has been at the Salon Sea
in Sauthern California. However, the brine concentration
at the Salton Sea is only about 3.5% salt, requiring exten-
sive ponds to achieve appropriate brine concentration. It
is reported that fragile project ecuononzics as well as envi-
ronmental concerns have resulied in a cessation of activities
at this location. Alternate sites are being evaluated for sit-
ing a 3-MW and possibly 2 20-MW facility at the present
time,

Mast of the approaches toward recovering solar energy
ag low-level thermal energy continue to be plagued with
uncertain economics. Experimental work essentially ceased
from 1966 to 1974 because conventional energy was so in-
expensive. The energy crisis resuited in refuvenation of
many research programs. However, the current economic
conditions coupled with the purporied relaxation of the
energy crisis has resulted in cutting back or dropping proj-
ects that are funded either privately or wholly or in part by
the government. Projects with high cost benefit ratios
that were inchuded in programs for the sake of amassing
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knowledge arc being dropped because of budgetary con-
straints. Many solar developments, including solar ponds
for electrical generation, continue {0 be partly dependent
upon state and federal tax credits.

The most attractive solar application for private indus-
try will almost certainly include relatively low process tem-
perature regquirements coupled with a geographic location
that exhibits favorable meteorological conditions. Salt
and mineral processing involving chemical transforma-
tions which occur at temperatures well within the ranges
atrainable in solar ponds merit thorough investigation.
Thermat efficiencies should be reasonably high, well above
the 1-2% conversion to eleciricat energy experienced in
the ponds aimed at power generation.

A process for the preduction of anhydrous sodinm sul-
fate, sodium carbenate monchydrate and other minerals
was devised and patented under U.S. Patent No. 4,179,493,
“Dehydration Process.” A sodium salfate demonstration
pond system was built in Turkey and operated solely for
producing anhydrous sodium sulfate. This process, in-
volving a pond reguired to teach a minkmum of 32°C, ap-
pears to be a practical means of producing the chemical
much less expensively than via conventional means. The
purpose herein is to review the potential application of this
technique to the processing of minerals which exhibit crys-
tal transformations, primarily dehydration, in the tem-
perature ranges attainable in saturated solar ponds, but
not atrainable in conventional evaporation ponds. This in-
vestigation involves the processing of sodium carbonate in
a 400-1n? solar pond at Owens Lake, California.

TYPES OF SOLAR PONDS

Salt gradient solar ponds exhibit, as the name implies,
a density gradient in which the density at the surface is less
than the density at the bottom. Normally the pord has
theee distincr favers, as indicated in Figure 1. The upper
and lower layers are homogeneous and convective, while
the middle layer is non-convective. While the brine in both
of the convective zomes is continuously turning over, the
fluid in the non-convective zone is gravitationally stable.
A density gradient, wherein the jower layers within the
cone are more dense than the upper layers, keeps the mix-
ing to a2 minimum. Beeause the layer is non-convective the
transfer of heat through the gradient fayer to the surface
can only oceur by conduction. This process is eelatively
stow, with the gradient layer acting as an insulator.

The common refercnee to a salt-gradient solar pond in-
volves a non-saturated condition in all or most of the
pond. In cases where the capture of heat in the lower con-
vective layer is the prime objoctive, for example i ponds
for electical generation, none of the pond needs to be sat-
urated. Al that is required is that the concentration gra-
dient across the non-comvective zone be adequate to en-
sure the stability of the zone. Establishing an unsaturated
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Figure §.  Distinet Layers of a Solar Pond.

sair-gradient solar pond requires a careful approach. Af-
ter placing the homogencous fower convective layer, a
number of layers of hrine with decreasing gravity must be
added successively into the pond. Finally, a layer of fresh
water is placed on top asthe upper convective zone. Diffu-
sion of salt acress the laver boundries is a problem and will
lead to the eventual foss of the gradient layer if careful
maintenanee is not carriad out.

A saturated solar pond is one in which alf of the lavers
are saturated. This concept is somewhart limited by the re-
quired ufilization of only those salts which exhibit fairly
sizeabie increases in sohibility with temperature. The lower
layers, being at a higher temperature than the layer di-
rectly above, will contain more salt and consequently be at
a higher density. The pond becomes essentially sel-regu-
lating as the temperature gradient maintaing the salinity
gradient. Diffusion is not a problem and little mainte-
nance of the pond layers is required, or possible for that
matter.

A hrief comment concerning the ovigin of the convective
layers seems appropriate. The theoretical diurnal temper-
ature profile is iflustrated in Figure 2a. However, the in-
tense selar radintion during the day will resuit in a temper-
ature buildup at the surface as well as at the pend battom,
This butditp results in temperalure gradients which ex-
ceed the hmits of density stability. resuliing in the forma-
tion of beth the upper and lower convective zone.

Temperature profiles similar to Figure 2b will result.
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Figure 2a. Theorelival Diurnal Temperature Profile.

Figare 2b, Temperature Profiles Resulting from Intense Solar
Radiation,
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New Uses of Sclar Energy

OWENS LAKE APPLICATION

Owens Lake is one of the workl's largest surface depos-
its of trona, Na,CO; - NaHCO, - 2H,0Q, the raw material
mizeral for natural soda ash production. Conventional
technology incledes the evaporative crystallization of
Nax (05 - H;0, sodium carbonate monohydrate, a step
that requires a significant input of therma! energy.

The utilization of solar energy to accomplish this dehy-
dration merits evaluation, because the Owens Lake loca-
tion in the high desert of eastern California exhibits quite
high insolation rates. Figure 3 compares the mean daily
solar radiation values for various locations in the United
States. The inyokern, California data is slightly higher
than at Owens Lake: however, &t is used as a comparison
because of the availability of data from the China Lake
Naval Weapons Center,

PHYSICAL CHARACTERISTICS
OF THE TEST POND

The surface area of the experimental pond was fixed at
400 m? primarily becavuse of previous experience with the
aforementioned sodium sulfate pond in Turkey. This size
was felt to be adequate to ensure that the edge effects,
where added heat losses can occur, would not materially
affect the data obtained. Another consideration was that
the area be large encugh to avoid the formation of a com-
plete crystalline layer on the surface, a phenometion that
occurred in all of the laboratory efforts wo simulate 2 solar
pond. Although the experimentation is far from com-
plete, the initial observations are that 20 X 20 meter size
is adequate 1o accomplish these objectives.

The pond was constructed on a sand base, with clay
mived with the upper sand surface to allow reasonable
compaction. A sprayed asphalt liner was applied ta the
surface; this type of liner was gelected as an added part of
the evalzation. A concrete welr arrangement was con-
structed through the berm to alfow dramage of the pond
and {o control decantation of Lhe surface brine.

AVERAGE INSOLATION RATES

{Langelys = g-cal/cm?)

Spokane, WA 361
Boise, D 3485
Great Falls, MT 366
Las Vegas, NV 509
Phoenix, A? 520
E1 Pasc, TX £36
Inyokern, CA 568

Figore Y. Comparison of Mean Dally Solair Radtation Values
{U.8)
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MINERAL PROCESSING OBJECTIVE

Sodiuzm carbonate solubility with respect ta tempera-
rure is included as Figure 4. The solid phase in equilib-
rium with saturated solution from about —2°C 10 31°C is
the decshydrate, Na;CO; - 10H,0. An intermediate hy-
drate, Na,CO;y - TH,0, is stable from 31°C to about 36°C,
Nay;CO, - Hy{), sodium carbonate monohydrafe, is the
solid phase up to abour L05°C.

By feeding a solar pend with a sodium carbonate sola-
tion [hat is af or near sataration, any cooling within the
upper layers and/or evaporation at the pond surface will
result in the crystailization of Na,COy - 10H;0. The crys-
tals formed, being more dense than the solution, will sink
through the upper layers, encountering temperatures that
equal or exceed the transition temperature. Melting should
occur and be followed by the crystallization of the stable
crystal, NapCO, - Hy3, The waters of hydration that are
released still hold a substantial amount of Na,C(d; and
constitufe & saturated solution. This solution is displaced
upward by the erystals that are settling, with the saturated
solution quickly encountering the lower temperatures,
and crystallization of decahydrate again ocours. Recycling
of the upper layers 1o the feed preparation station allows
control of the soluble impurity levels in the pond and pro-
vides proper maintenance of the pond water balance. Wa-
ter addition must match the surface evaporation plus the
content of the stable Na,CO; - H,0 that is formed.

MATERIAL AND ENERGY BALANCE

The maicrial and cnergy balances presented herein are
based on theoretical calculations that incorporate gener-
ally accepted practices established by other researchers in
the solar energy field. The meteorological information is
primarily historical data. adjusted to the Owens Lake lo-
cation. The eolleetion of operating data from the test pond
only has begun at this point, Initial observations tend to
confirm assumptions made in the material and energy
balances; however, the balances should not be construed
as being confirmed by data. Details of an energy balance
felt to be representative of spring meteorological condi-
tions are given in Figure 3,

The incoming radiation falls within hoth the short and
tong wave speetrums. Short wave, also known as extrater-
restrial or solar radiation, falls berween 0.3 and 3 microns
and is capable of penetrating the surface of & pond. It
therefore plays the more significant role in heat accumula-
tion and provides the energy for utilization. Long wave ra-
diation, considered to be in the 3- to I00-micron range,
does not penetrate the upper surface layer. The pond sut-
face radiates fong wave energy back to the atmosphere,
the energy representing a large percentage of that leaving
the pond.

In this specific example, the 380 w/m? of short wave ra-
diation repvesenis a fypical May vaine. The long wave
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Figure 4.
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New {ses of Soiar Energy

value of 335 w/m? is a measured value for a similar time of
the vear. The long wave value is related to the ambient
temperature and the cloud cover.

The radiation absorbed in the three lavers is derived
through use of cxpetimental data which reflects the actual
absorbency of seawater. The relationship of the fraction of
the energy transmitted (T) versus the depth (Z) in meters
is of the general form:

T=a+bin(Z

with a = .36 and b = 0.08 being used for these estimates.
The transmitted values are multiplied by 0.80 1o allow for
any reduction in transparency of the pond.

Back radiation represents the largest quantity of energy
leaving the pond smiface. This value is calcuiated through
use of the Stefan-Boltzmann equation for black body ra-
diation. The major variable is the temperature of the sur-
face with radiation varying in terms of the fourth power of
the absolute temperature. The evaporation loss of 180 w/m?
is equivalent to the sarface evaporation of 0.25 inches of
water per day which is based on available data from the
location.

Convective losses were calculated through use of the
Bowen ratio, which refates the sensible heat loss and the
heat loss due to evapogation. This ratio is a function of the
emperatore differential between the brine at the surface
and ambient temperature gnd the difference between the
vapor pressure of the brine and the air at the surface.
Added data indicates the sensible heat loss to be about
10% of the evaporative loss, thus giving fairly good confir-
mation of the Bowen ratio calculation.

Reflective Iosses are estimated to be 20 w/m?, an albedo
of 3% of the total incoming radiation being used.

The sodinm carbonate plays a significant role because
of energy entering with the feed material and through heat
evolved by the crystallization of the decahydrate. The
10 w/m? representing the scnsible heat of the feed and the
25 w/m? resulting from the crystallization have been
added to the upper convective zoneg.

The gradient layer contributes w the energy being pro-
vided to the upper convective layer, The heat conducted
upward through the non-convective layer was discussed
previously. since it is the measure of the effectiveness of
the insulating gradient layer. The calculation is repre-
sented by (k)dtsdz, where {k} is the thermal conductivity
of the brine and dt/dz is the temperature gradient in the
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non-conveetive zone, Experience with this pond has indi-
cated dt/dz to be about 30°C/meter. Using a brine con-
ductivity of 0.6 w/m °C, the energy conducted upward to
the top layer becomes 30 w/m?. This value is the same as
the energy absorbed into the layer, indicating a zero neg
flow of energy within the gradient layer.

The overall energy balance pertaining to the upper con-
vective layer thus contains the following valuzes: ’

™ apT
Shart Wave Radiation Bl w Hack Rediation 400w m’®
Limyg Wave Radiation 13 Evancration L&
Lipwwatd Condiction T Comvertion n
Pocuhydrate Crystabhation 23 Refiretion L
Sctisibis Heat in the Feed )] Tramsmimsion T
B w 500w s m?

The balance within the lower layer thes leaves a net of
147 w/m?® far the crystaltization of Na,CO; - H,0, this en-
ergy representing about 39% of the available short wave
radiation striking the pond.,

SUMMARY

A dynamic computer model that simulates the diurnal
changes has been prepared and is being refined as addi-
tional data become available. As previously mentioned,
more experimental work is vequired Lo guantify the many
variables affecting this solar pond application. The pro-
cessing of minerals in solar ponds does appear to be a
practical application of solar enargy based on data avail-
ahle at this time.
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