Advances in Solar Salt—Solar
Evaporation in Multicomponent Processes

ABSTRACT

The use of solar evaporation to dewater and con-
centrate ruw malerials from mulitcomponeni brine
systems is reviewed. Economicel refining processes
can be based on harvested solar salts, as shown by
expanding worldwide production. Test work on
the brines recovered from Searles Luke, a very rich,
but complex reserve, iy dlustrative of the advanced
technology that can be used in multicomponent
- systems.

More than 400 acres of prototype test ponds
have been constructed to study the full-scale pro-
duction of potash, borax, selt cake and sode axh at
Searles Lake. Computer methads have heen devel-
oped to study the evaporation and secpage rates of
these ponds. The design, construction, and opera-
tion of evaporation ponds is critical m obtummg
good pond performance and i the feasthilily of
using solar evaporation in complex chemical pro-
duction.

INTRODUCTION

Solar evaporation prucessing has been profiably
Cused for salt production for millennia, but most
other uges of solar evaporation for saline recovery
were too complex for feasible applications. How-
ever, modern technofogical advances have now
reached  state that solar technigues mayv also be
considered in many complex, mult chm':ponem re-
covery operations,

There are presently several (}p{?mtional examples
ol economical uses. Perhaps the oldest modern ex-
amples are the potash production at the Dead Sea
and at Bonneville, Utah. The newest, {or the pro-
duction of potassium sulfare, salt cake, magnestum
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and Jithium salts at the Great Salt Lake, is pres-
ently under construcrion. The best example of an
unlimited future area is for the recovery of numer-
ous coproducts {rom seawater {Garreit, 196%; Kal-
lerud and Chemtob, 1967), Ax present, this area is
limited almost exclusively to the production of ha-
lite, with mllions of tons marketed arnually.
There is only token production of the more valu-
able ocean salts, Numerous other raw material re-
serves may also be wellsuited to solar processes;
for example, the complex but very valuable brines
at Searles Lake, which have been studied exten-
sivelv by the Garrett Research and Development
Company, Inc., a subsidiary of the Occidental Pe-
troleum Corporation. These operations are being
organized under the Scarles Lake Chemical Corpo-
ration, also a subsidiary of Occidental.

HISTORY OF SEARLES LAKE

The age of Scarles Lake has been estimated at
875,000 vears or perhaps older. Salts have been
deposited in the Lake as a sevies of horizons in the
Pleisiocene epoch. The earliest saline deposits of
the Sangamon (or perhaps Yarmouth) age are com-
posed of halite, trona and naheolite. The next,
Early Wisconsin in age, is primarily mud with
gaviussite. The mosi interesting and well-studied
deposns of Middle Wisconsin and Early Recent age
contain primarily halite, trona, borax, hanksite and
burkeite. These units that are presently being
mined are the upper and lower ore bodies, dated at
33,000 years B.P. The final halite and mud mixture
on the surface of the Lake was formed during the
Late Recent age. The formation of these deposits
was associated with the filling and lowering {evapo-
ration) at the Lake due to past glacial events,



The processing at the ILake is bused on the
pumping of saturated brines from wells in the ore
body. These brines are partly the original Pleisto-
cene brine in equilibrium with the crystalline de-
posit. Continued mining has depleted much of the
original brine. A reconstituted brine is continu-
ously formed by the leaching of the deposit with
rainwater and runoff, but the compaosition of this
new saturated brine does not reach that of the orig-
inal brine, especially in its potassium concentra-
tion.

At present, potassium chloride, soda ash, salt
cake, and boron products are being produced by
the American Potash and Chemical Corporation
and the Stauffer Chemical Company. Processing is
based on combinations and variations of plant
evaporation, carbonation, cooling-crystallization
and extraction. A ceriain amount of solar evapora-
tion has been wsed recently to preconcentrate
brines before plant evaporation, but the only other
significant process change in recent years is the use
of solvent extraction in boric acid preduction. The
Garrett Research and Development Company has
undertaken the task of applying the most advanced
techniques of selar ¢vaporation, in combination
with economicul phase separations, to expand the
development of Searles Lake and to economically
process the newly reconstitured Lake brines.

PROCESS DESCRIPTION

The technology of a Searles Lake solar operation
might first be compared to the operational exam-
ple of halite solar systems and their raw material
supplies; the sequencing of ponds for pre-
concentration, storage and crystallization; and
product harvestinyg, washing, shipping, and market-
ing. These operations are based on long experience
by competent producers, vet even with this hack.
ground, 1t i a major task to initiate a new opera-
ton.

A proposed operation must meet the general re-
quiremnent of a successfui solar process before test-
ing is even considered. Raw materials, usually as
brines, are an initial requirement. In some cases,
where the supplies may be limited, an extensive
prospecting program is required. In other cases,
suich as 1n a seawzier uperation, this is not a prob-
lem.

At Searles Lake, a major portion of the known
ore body is controlled by other operators. There-
fore, an extenstve exploration program was undes-
taken, under new Sodium Prospecting Permits, to
define the extent of the upper ore body. It was
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possible to prove that vast reserves of brine and
salts were present in new arcas that had not previ-
ously been rtested, In Figure 1, the approximate
limits of the new ore body discoveries are com.
pared with the formerly recognized limits. Quality
brines were pumped from many of the test wells at
hundreds of gallons per minute. Present operators
are satisfied with production flow rates as low as
fifty gpm.

The second major requirement of solar processes
is utiization of the proper land area. The U.S.
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Figure 1. Searles Lake upper ore body.

Geological Survey topographical maps of Searles
Luke show exiensive arcas that could be of real
interest, so more detalled surveys were jusiified. It
18 necessary to know the exact topography as well
as the patural construction materials in the area.
An cconomical pond construction is most feasible
when the land is flal or has an clevation gradient of
less than ten feet per mile, so that ponds of fifty 1o
several hundred acres can be constructed.
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Fortunately, detailed mapping can be done at a
cost as low as $400 per square mile for large areas
of 20 to 100 square miles, by using acrial photogra-
phy with the proper ground controls. The plots can
show contours at one-foot intervals to an accuracy
of about six inches for this type of survey. I the
land is too rough for mapping at one-foot contour
intervals, it is also oo rough for solar ponds.

Mapping of the site soil structure is of equal
importance in the economic feasibility estimates,
Cores or cuttings from drilling to depths of as
muech as 20 or 30 feet, but more rypically to 10
feet, must be studied. When the materials for
proper dike construction {Garrett, 1965z} are not
immediately available at the location of the dike,
they can often be hauled cconcmically as much as
a mile. Ponds with dikes costing up to §1.00 per
cubic yard can ofien be econumically attractive.

Aftrer these first stages of survey and mineral
evaluation have been successfully completed, the
engineering and chemistry of a proposed operation
can be properly evaluared. Producton would be
based on the processing of saturated Lake brines
having six major ionic components: sadium {Na"),
potassium (K'), tetraborare (3,07}, sulfate {SO7),
carbonate (CO%}, and chloride ((.‘l J, as well as the
wwo acid radicals ol tetraborate and carbonate,
namely, metaborate {B;07), and bicarbonate
(HCO:}. There arc also a number of minor compo-
nents such as sulfide (57}, lthium {[.i") and tung-
sten {W). Seawater in comparison contains only
five major ionic species.

The solubility relationships in this brinc have
been well-documenicd by Teeple {1929}, The solar
concentration of the hrine produces a series of
crystalline products as the brine compositions ad-
vance to new crystaffization ficlds, A typical brine
would first crystallize halite (NaCl) and burkeite
{(Na; G0, -2Na; 30, ). Variations of the original
brine compositions could also produce the crystal-
lization of salt cake (N1, 50,4} or trona {(Na, CO; -
NaHCO;+2H,0), usuzlly in smaller amounts,
hefore the crystallization of burkeite,

Continued evaporation advances the brine 1o a
second major crystallization ficld with a mixture of
nalite, glaserite, borax, and additional burkeite. A
third and {inal major field includes the products of
halite, sylvite {KCQl), glaserite, thermonatrite
(Na, CO, "H, 0), borax, and some 1tcepleite
{Na; B, 0, -2Na(l -4H, Q). Teepleite is a very un-
usual double salt that is rarely encountered; how-
ever, its behavior in solar processing has been docu-
mented by Mr. Elie Chemtob, Manager of Chemical
Research at the Garrett Research and Development
Company.
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The general behavior of the solar process can be
followed schematically on a solubility diagram for
the system NaCl-KCl-Na; 80, -K;80,-Na; CO,-
K,CO;-H, 0 at 35°C (see Fig. 2). Borax is not
included as 1t would add ancther dimension to the
diagram. Further, it is the most independent van-
able in the system and is at lower concentrations,
$0 ifs interactions with the other compuonents are
evaluated separately.
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FIE.II‘C 2. NaCl- K(‘l-‘flaobl)4-K;SO4 ’“182(_-03'*]{1003 Hg()systcm at
88 8, Basis: Moles per 1000 moles H,0.

Three different extremes of brine compositions
that were found in the prospecting tests are also
shawn in Figure 2. These brines seem different in
composition, but it can be seen that all are in the
same area of the diagram and will follow similar
selar evaporation paths,

'The exact behavior of the brines is more compli-
cated than indicated in the 35°C system because of
varying meteorological condirions throughout the
year. Winter cold and day-night temperature varia-
tions produce solubility changes and different
crystalline phases. Cooler temperatures cause a
lower concentration of potassium at glaserite satu-
ration and, consequently, an earlier crystallization
of glaserite. Borax solubilities are also reduced. The
colder winter temperatures also cause the crystalli-
zation of glauber salt {Na, 8O, -10H, O} and natron
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(Nay €04 <1011, 0). Consequently, a summer opera-
tion when evaporation rates are highest is ofien
preferred, as more uniform and larger quantities of
solar crystallization products are formed.

The solar harvesr intermediates are first handled
as in a well-designed solar halile operation (Garrett,
1965h), including harvesting, handling and washing
of the salts, The three main harvests of raw mate-
rials are processed in separate, bui integrated
streams to achieve the most economical and effi-
cient vperation. Far example, the first harvest is
about one-third burkeite which can be processed to
soda ash and salr cake by one of several methods.
Fractional crystallization can be used when low
vields are acceptable, but processes including ear-
honation, cooling-crystallization, and solar or plant
evaporation can increase vields to almost 100%,
Most of these processes are well-known and do not
require a detailed test cvaluation in the preliminary
studies.

The second and third types of harvests present
very intevesting sources of potassium and boron,
and several unique processing methods have been
developed for the separation and purification of
both components at high vields. Derails of the
processes must be held as confidential until the
patents are issued.

EVAPORATION AND POND
PERFORMANCE TESTS

The overall process feasibility based on land,
minerals and processing can be evaluated at this
point, although several additional factors, such as
evaporation cfficiency, must also be considered.
Marketing, of course, is of paramount importance
and must be considered separately.

Fvaporation esdmates znd preliminary evalua-
tions from the published literature are valuablie,
but the final results are dependent on field tests.
The first construction of small solar test ponds was
scheduled in fate 1966 and full operations were
maintained through 1967 and 1968. Harvest salts
were also recovered from the first ponds for pilot
plant testing. The data and experience from these
operations were applied to the design of a larger-
scale prototype test operation to collect full-scale
operational data on the complex system.

Operations were scheduled to ftest the brine
phase chemistry (as discussed earlier}, wave action
and pond operational characteristics, and the evap-
oration and leakage rates. Evaluation and correla-
tion of evaporation rates have been the subject of
numerous publications (Ferguson, 1952; Bony-
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thon, 1966; Manker, 1967). The collection and
evaluation of evaporation and scepage data from
large test systems will be discussed in this paper.
The larger test systems are preferred for obtaining
good, full-scale test data, but they are also more
difficult to accurately control. Measurement of
brine concentration must be based on a composite
sample to obtain un accurate determination of the
content of a pond. Brine level or volume measure-
ments must allow for the effects of the wind, since
level variations from several inches up to a foot can
occur at one one data standpipe. Two standpipes
per pond on the proper wind vector and fulcrum
are a minimal requirement, but four, or even a fifth
in the center, are preferred. The brine level meas-
urcments are taken on the inside of the perforated
standpipes wherc the levels are steady.

The data can be evaluated by either of two pre-
ferred methods, using computers to expedite the
digestion of data. Both merhods of caleudation are
based on the comparison of total brine inventories
and total tracer mventories. The brine must be
accurately analyzed for a valid chemical tracer to
determine the tracer inventory in a pond. The first
calculation method is based on the direct determi-
nation of the leakage from the conservation of
tracer inventory, with the evaporation determined
by the difference in total volume inventory. In the
second method, the evaporation is the relative
change of tracer concentration in a given volume,
with the leakage determined by difference from
the total volume change. The equations used in
these calenlations are shown in Tables 1 and 2,
respectively. The volume or thickness of crystal
lized salts must be included in both caleulations, as
it is part of the standpipe brine depth and volume
measurement and can cause a serious error in the
relative volume and tracer inventories. These salts
may be estimated, a5 a ratio to evaporation, or can
be surveyed. The final equations shown inchide the
salis us 2 ratic factor, which must be confirmed by
a later survey.

The two methods are directly applicable under
all static, no-flow operating conditions, although
corrections for cummlative inventory changes
causedd by pumping can be included. When the
evaporation rates are low, as in the winter, the
most accurate results are usually obtained using the
second method, where evaporaiion is based on the
relative change of tracer concentrations. The first
method s more general, however, and applies to
the more common case where cvaporation is much
greater than leakage. Both methods have been used
at Searles Lake and were found to be reliable.
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TABLE 1
SOLAR PERFORMANCE CALCULATIONS

METHOD 1: Leakage as a Function
of Relative Tracer Inventory
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Accuracies within hundredths of an inch per day
are possible.

PROTOTYPE POND CONSTRUCTION
AND OPERATION

Optimistic feasibility studies on the overall proj-
ect were a hasis for the continued and expanded
tests an the Lake. A series of six prototype ponds
were designed for full-scale operational 1ests. These
ponds, covering 420 acres, were constructed and in
service in less than one year from the date of the
contract award.

Brine was supplied to the ponds through a 24
inch pipeline from the wells, more than a mile
away. Each of the well pumps was run by a 24 hp
diesel engine. Brine flow within the ponds was ac-
complished by gravity with weir control, except
for one pond which was charged by pumping.

The ponds have been in service for almost a year
and have been operating smoothly. Wave aclion,

TABLE 2
SOLAR PERFORMANCE CALCULATIONS

METHOD 2: Evaporation as a Function
af Relative Tracer Concentration
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due to winds up to 80 miles per hour, has caused
erosion requiring maintenance on about 1% of the
dike edges. The present pond design may be close
to an aptimum for this case; however, every design
must match the special conditions of an operation.

The overall solar evaluation and multuproduct
processing studies are being continued to complete
the process design as previously discussed. The use
of solar evaporation processes in the production of
numerous coproducts from multicomponent brines
should be an expanding area in the future.

NOTATION
= EVAPORATION RATE, IN/DAY
S = SALT CRYSTALLIZATION RATE,
IN/DAY
=  LEAKAGE RATE, IN/DAY
% = SUMMATION
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T = TRACER ppm OR WT %
V= BRINE VOLUME, ACRE INCHES
# =  SPECIFIC GRAVITY
A =  AREAOF POND, ACRES
t =  START OF DATA PERIOD, DAYS
t+1 =  ENDOF DATA PERIOD, DAYS
C =  RATIO OF CRYSTALLIZED SALT/
EVAPORATION

SUBSCRIPTS
it = MEASURED DATA AT START
t+1 = MEASURED DATA AT FINISH

DATA AT TIME OF SURVLEY
n = CALCULATED DATA AT START
CALCULATED DATA AT FINISH

Q
il

#

n+1
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