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ABSTRACT

The first stages of solar evaperarion of Searles Lake
brine deposit relatively pure sedium chloride. The sodium
chloride harvest, however, is lfable fo be contaminated with
salts deposited at the later evaporative stages, namely, burk-
eite(NayCOw2NaS0 Jandirona(NayCOypNaHCO.2H,0).
It is possible 10 upgrade the sodium chloride to a 99-+%
puvity by screening and washing it with a suttable brine. A
study of the Na;CO; Na;50, Na,Cl; phase diagram in-
dicated the necessary information about the nature of the
wash solution, the maximum impurities allowed in the con-
taminated sodium chloride, the ratio wash liguor/impure
solids. and the fingl composition of the lgnor after the
washing step. Actual production experience produced a
sodium chloride with carbonate and sulfare partially re-
moved by a simple once-pass screening step. 4 fingl washing
step in a continuous salt washer produced the finished prod-
uct salt. Generally, salt guality was improved from 96%
NaCl 1o 99+% by the screening and washing processes,

INTRODUCTION

Searles Lake is a dry lake bed extending over an area
of approximately 34 square miles (88 km?). It 5 an
evaporative deposit formed in the last glacial uge and
contains safts deposiled as a partizl terminus of the water-
flow from the nearbv Sierra Nevadas into the Dearh Val-
ley. The lake is tocated approximately 150 miles (240 km)
north of Los Angeles. The evaporate deposit containg
compiex salts ingluding carbonates, sulfates and borates.
Sodium chloride production has only been a secondary
activity at the lake whereas the more valuable constituents
have been produced for the last 50 years. However, even
theugh sodium chioride is a by-product, it is desirable to
mine this particular constituent from the brine. Tech-
tiques, however, had to be developed to produce it from

the complex Searles Lake brines. This peper describes the
experience of Searles Lake Chemical Corporation, a sub-
sidiary of QOccidental Petroleum Corporation, in solar salt
production.

POND OPERATIONS AND HARVEST

Review of the solar salt producing facilities at Searles
Lake is necessary in order to understand the selection of
the various harvesting and salt processing technology. Ba-
stcally, the brine is pumped from the sub-surface ore body
inte large solar ponds, and at the appropriate ¢omeentra.
tion, the brine is transferred to other ponds. Such a trans-
fer in the processing scheme is to obtain the valuable saits
that are avatlable within the brine for production of borax,
potash and soda ash. However, in order to get the brine
to a concentration where these values will precipitate from
solution, it is necessary to use preconcentration ponds
where the sodium chloride is deposited from solution. The
subsequent harvesting and salt washing activities were
developed for the spectfic use on this type of deposit salt.

Pond. production technigues. The Searles Lake ore
body is an evaporative salt deposit with water in the inter-
stices of the ore body. This saturated brine contains
sodium, potassium, carbonate, sulfate, chloride and borate
ions in the greater percentages. Other minor chemicals are
also in solution. To show the complexity of the brine, a
typical brine analysis as found by the U8, Geological
Survey {USGS) i shown in Table [. This brine which is
high in the borate values as well as the sulfate values, is
not as concentrated in the chloride values as is seawater
or other solar salt producing brines. Therefore, since the
brine is 50 complex, the proper timing in precipitating
sodium chloride from solution is essential.

The brine is pumped from wells and put into a large
solar evaporation pond (Fig. 1). The residence time in this
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TABLE 1
Composition of Searles L ake brire--upper body
%
Na 108
K 1.93
As CDj total carbonate 2.39
504 512
Ci 1226
8404 2.
Specific gravity 1.285
Tozat dissobved solids 336

(by surmmationt
pH 9.24

Relerence—|Subsur-face itratigraphy and compasition of sating
hodies, Searles Lake, Califormia: A preliminary report, G, L,
Seith, Qpen Fila Repart 1873, WS.G.8,, Table 14.}

Figure 1. Large solar evaporation pond,

pond is limited in order to prevent the deposition of the
valuable salts. The first non NaCl salt encountered would
be burkeite (Na,CO2N5,5%0,). Experience has shown
that attention 0 the concentration factor, i.e., the ratio of
the brine weight at any siage 10 weight of the original
brine, should be maintained below 1.2 to 1.4 at a maxi-
muom. Suchk an operation therefore requires close monitor-
ing because gbove the approximate value of 1.2 to 1.4,
burkeite deposition begins,

The approximste period of solar pond activities 1§ be-
tween May 1 oand Qctober 1. Earbier operations or later
operations will result in the depoSition of Glauber salt
{Na,; 80, 10H,0). Onee the required concentrahion factor
is cbtained, the brine is continually transferred from the
pond to other ponds where the more valuable constituents
are recovered. When the evaporative season is over, the
pond Is drained to dryness in order to commence the
harvesting operations. Lt is possible to harvest the sodivm
chloride while deposition is occurring; however, the drain-
ing of the pond at the end of the evaporative season is most
irmportant in order to prevent the production of Glavber
salt.

It has been observed that as the concentrated brine i
recovered from the solar ponds. pockets of brine are left
as well as brine locked in the interstices of the deposited
sajts. This brine, heing close to the critical concentration
factor eventually evaporaies to dryness. In so doing, it
deposits the contained salis within the sodivm chloride.
Primarily, these contained salis consist of soda ash and
sodivm sulfate in the form of burkeite. The percentages of
this contamination is dependent upon the proper timing of
the transfer of the brine.

Hurvesting. Once the pond s drained to dryness or
semi-dryness, the harvestng operation commences. In the
simple form, a blade grader is used to rip the thickness of
depostied salt and windrow 1t for easy pickup by a front
end lpader as in Figure 2. It has heen observed that this
tvpe of operation s extremely satisfactory in maintaining
the integrity of the salt Hoor which is essential for future
salt production. This harvest technique can be accom-
plished by using standard solid materials handling equip-
ment. However, this harvesting technigque was alo
undertaken because of the peculiarity of the harvest salt.

Salr deposiion peculiariry. Close inspection of the
deposited sodiem chlortde shows that it is deposited in a
stratified laver. Of course, this can be related to the daily
solar energy which s available, The crystals of the salt are
of mediurn size, generally in lhe size of about 1/16 (15
mm) of an tnch to 1/8 (31 mm) of an inch. Close inspec-
fion indicates that the deposition of the burkeite is local-
ized within the particelar salt mass. The burkeite seems 1o
form a salt cluster with the sodium chloride in a localized
random pattern, It has been observed that in the salt faver
breakup and moderate handling of this particular salt, the
burkeite acting as a bonding agent to the sodium chioride
forms larger salt particles with high burkeite concentra-
iton areas. As we later were able 1o ascertain, this property
was heipful in the improving of the salt quality through
the use of screening prior to the washing step. In general,

Figure 2. Wirndrowing of soiar sult,
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Washing of Sehar Eveparated Saits

the salt harvested from the ponds was found to contain
approximately an average of 93+% by weight of sodiwm
chloride, the rest burkeite, thermonatrite, and possibly
somme frona, 45 shown in Table IE. It was also observed that
most of the burkeite clusters were in 2 size fraction of a
4178 inch mesh. Further work indicated that harvested
salts contained about 109 by weight of +3/8 inch (63
mm) mesh fraction.

PHASE CHEMISTRY OF THE WASHING
PROCESS

As discussed, the crystallized sodivm chlonde con-
tained minor amounts of the solids that are deposited in
the second stage evaporation, i.e., burkeite, thermonatrite,
and possibly some trona. Using some simple phase chem-
istry rules, the possibility of removing those impurities
was examined by a selective washing either with water
alone or with a suitsble brine {oblained by making 2 25%

solution of the raw material) to arrive to a purity of

99+,

Graphical and calculation approach. Although harvesr
sodium chioride proved to be more pure than tested, labo-
ratory tests were conducted upon an assumed impure
NaCl to determine the possible exiremes in operations.
Starting with an impure NaCl (7% sulfate and carbonate)
it was defermined in the laboratory that it is possible to
upgrade salt ta 99+% purity by washing with a brine
prepared by dissolving one part of raw salt into three parts
of water and using equal weights of impure salt and wash-
ing solutions, The operation would have to be done in a
vessel equipped with agitation means but a two-stage lixi-

TABLE 1l
Marvested salt composition
A. In % of solid phases:

83% Hatite {Nalll
8% Burksaite (Mas CCry - 2Na; 5041
1% Trona (Nag COg - NaHEO3 * 2Ha G}

B. in % of constituents:
{Neglecting the small amount aof NabiC0; and Hp O}

93.5% NaCl
4.4% MNaa504
21% Na;CD3
C. in ions %:
Ci = 56.55
504 = 2.28
GOy = 1.18
D. 1n moles per 100 gpm:
NazCl; = 0.8G0
NEQSOQ = 0031
Mg Cdy = 0.020
£ kn moles % in respect ta each other constituent:
NazCiy = 84.0
Nap 80y = 366
NepCO,; = 2.35

On the Phase diagram of Figure 3, tha salt is represented by
Poini M.
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vation was preferable. Contact time of each stage would
be fifteen to twenty minutes.

The characteristics of the harvested sodium chloride
were shown in Table 11 The temperature of the experi-
ments was chosen to be 20°C, since it was near the temper-
ature of the brackish water available at the site, and
becanse the conditions are shghtly more favorable than at
30° or 35°C.

Figure 3 shows the phase diagram of the system Na,Cl,,
Na,SOy, Na,CO; at 20°C. The composition of the selected
salt is represented by point M. If warer 15 added, mixed
with the feed salts in order to obtain a successful washing,
the end solid must have the composition of point A (pure
NaCl). The composition of the best possible end liguor
will be found on the intersection of the extended line AM
with PG {point N). The coordinates of this point, on the
phase diagram, show only the molar composition percent-
age in relation to each other constituent. By a simple
graphic calculation, and on basis of the position of Paint
N on line PG, it is easy to obtain the composition of N in
moles per 1000 moles of water (see appendix). This calco-
lation showed that point N would yield a brine of the
following compesition: Na,Cly 45.4 moles, Na,S0Q4 13.6
moles, Na,CQ; 8.85 moles (total maoles 67.85), H,0 1000
moles or, translated into ions percent: €17 12.25%, 507,
5 0%, CCJ'I= 2 0% This 1s an ideal cnd liquor whcre the
vield of pure NaCl in preparauon for further evapuralmr;
later. Practically, as it will be seen later, the values of
sulfates and czrbonates are lower while Na(l is higher.

A graphic determination also gave the theoretical ratio
of water te be used per unit of feed salt: 41% (see appen-
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dix). Figure 4 shows the calculated material balance for 2
water wash, and it was seen that the ratio of water used
was 41%.

Experimentation. The composition of the end liquor
and the subsequent weight ratios R (water/solid) or R’
(washing solution/solig) were assumed to be equilibrium
conditions necessitating a very long residence time. In
practice, a faster washing is mandatory and therefore the
R or R were assumed to be increased. A pood figure for
R' was chosen to be R' = 1. While in this case the resi-
dence time is shorter, it was expected that the values for
50™, and CO™,; wouid be lower than the equilibrium fig-
ures {point N} and NaCl will be higher. With the level of
impurities in the raw salts, agitation was anticipated as a
necessity to perform a successful washing. All other
means of contacting {percolation, etc.) gave poor lab re-
sultz. Farthermore, a two-stage operation was found to
yield a better purity of the washed solid. Figure 5 shows
the details of a two-stage experiment where the final solid
obtained was 99-+% NaCl

As actual operations showed, this washing technique
cotld be simplified if the raw salt has a purity level of 57
to 98%,

SCREENING TO IMPROVE WASHING
RESULTS

As the previous discussion on the phase chemistry of
the salts ai Searles Lake indicated, extensive washing
would be necessary if the raw harvest salts were o be
taken directly into the washing scheme. The review of a
possible physical beneficiation technique on the sedium
chloride prior (o washing was made.

Test screens. From our earlier reviews, it appeared as
though the sulfate and carbonate conlents were contained
mostly in the +3/8 inch (63 mm) mesh of the screening
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Figure 4. Feed salt weshed with water at 20°Ccateulated water
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Figure 5. Caiculated two stage water wash.

operation. Since it appears that the screening could re-
move most of the sulfate and carbonate content of the sali,
it was decided that if one adapted the screen separation
before a salt washing system that guality sodivm chloride
could be produced with minimat washing.

Harvested salts contained about 3 to 10% by weight of
<43/% inch (93 mm) mesh malertal. The +3/8 inch mesh
fraction analyzed as 859% chiorides, 16% burkeite, and
1% trona. The below 3/8 inch mesh fraction anzlyzed as
$8% chloride, 1% burkeite, and 1% trona. It was alsc
observed that the suifate and carbonate content of the salt
increased with increasing particle size. The —1/2 inch
+3/8 inch {(~125 to +93 mm) fraction had 16% burkeite,
and -1 inch +1/2 inch (~250 {o +125 mm) had 24%
burkeite. This reaffirms cur earlier observations that the
burkeite or the carbonate sulfate portions act as a bonding
agent io form larger particles. Subsequent investigations
of the various salt samples by screening indicated that the
purity of the salt at various locations changed much where
there were pockets of brine remaining after the pond was
drained. In these pockets the burkeite concentraiion
would be much higher. However, since it was difficult to
differentiate where these pockets would occur it was felt
necessary to screen the whole salt harvest. As 2 matter of
fact, it is shown {Table 1II) that the unscreened salt was
96.8% sodivm chloride and that subsequent screening
produced a much higher purity sodium chloride, ap-
proaching the quality desired, 99+9%. When this result is

TABLE il
Chargetaristic of harvest salt
) Feed Saft Weight %
Sampia Description fali 80, €04
tinscreened Sakt 96.8 0.96 0.69
-3/8" + 1/4" Sah* 97.6 0.81 0.63
—1/4" Balt** ga.5 6,25 0.54

*38" = 3mm
**14" = §3mm
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compared 10 the earlier feed salts it indicates that the
variahifity of salt quality through the salt harvest was in
fact apparent.

Final screening operation. A movable screen was posi-
tioned on the pond site, and a front end loader would pick
up the windrowed sait and feed it fo the screen. The screen
gsized the harvest salts through a 3/B inch {93 mm) mesh
with the oversized fraction being separately stockpiled
from the undersized. The oversized fraction eventually
was taken from the site and dumped into disposal beds.
The undersized fraction represented the purer quality salt
and was subsequently passed through the washing plant
for further removal of the carbonate and sulfate contami-
nates. Analysis of samples of the undersize and oversized
fractions, devoid of the larger -+1 inch {230 mm) chunks,
found essentially the same 98+% sodium chloride. How-
ever, after iesting a large 5/8 inch (1.5 mm) mesh screen
during operations, the quality of the salt obtained by the
insertion of this screen was found not Lo be as desirable for
entrance into the washing plant.

WASHING SALT FOR PRODUCT
IMPROVEMENT

As shown earlier, theoretical calculations from the lab-
oratory indicated that to get 9% sodium chloride from
a thorough washing would requoire 50 tons of water for 100
tons of pure salt. This approach would give the process
approximately 869 yield on sodium chloride or 81% on
a net weight basis. Brines saturated with sodiam chloride,
burkeite, and thermonatrite would have a theoretical sul-
fate and carbonate content of 4.8 and 3.29% by weight
respectively. In actual practice a saturated brine of 4%
sulfate and 1.6% carbonate levels as encountered in the
bring in ahout 10 minutes of equilibrium.

As a test on the available washing facility, three runs
were made at a set fee and rate and varying the water rates.
Each experiment was run for one hour. Table No. IV
shows the actual water to salt weight ratios with the par-
ticular salt analysis and brine analysis for the various
schemes adopted. The ultimate level of washing then was
at 0.28 parts of water per part of harvested salt. The
combination, therefore, of 2 3/8 inch (93 mm) mesh
screen and washing the undersized fraction wirh 0.14 to
0.28 parts of water per part harvested salt vielded a 29-+%
sodium chloride. The screening losses will vary on a daily
basis from 5% to 109 by weight at the pond. The washing
losses are approximately 8%.

The washing facilities

Figure 9 attached, gives the principal sizes and dimen-
sions of the washing facility. Basically, a 6 inch (21 cm)
grizzly leading into a feed hopper and subsequently to a
60 ft {18.6 m) transfer belt, brings the salt to the mill and
initial wash contact point. At this peint, an 18 ft (5.6 m)
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‘ TABLE IV
Typical chemical analysis of various strearms
1. Water tos?ltwelght 28/100 56/100 14/100
ratios
2, Feed salt analysis
{maisture fres)

%Mall 978 97.6 975

EBurkeite (HSO4)1 1.38 1.38 {0.65} 1.36 {0.65)

FNazCOs (BCO1H  1.05 {0.68) 1.06 {0.88} 1.05 {0.68)
3. Washad sali:

{maisture fran)

WMali 89.03 881 83.58

%Burkeita (%5041 0.47 {0.23) 0.43 {0.21} 1.04 (D.51)

%ha, C05 (%CC5)| ©.50 (0.36) 0.47 {0.33) 0.38 (0,42
4. Brine anplysis:

% dissofved solids 26 25 25

total
%50, 0.52 0.64 1.10
%05 0.8 0.7 1.14

classifier of 38 inch (1 m} diameter, moves the sodium
chloride up a 16° incline. The counter current waterflow
washes the sodium chloride for approgimatety a 10 minate
residence time. A pivoting stacker deposits the salt on the
drying and storage stacks.

SUMMARY

The production of solar salt at Searles Lake is possible
although the source of sodium chloride is a complex brine,
Proper movement of brine at the designated intervals will
give the harvested salt a purity which would be desirable
to teke to the wash plant. The peculiarity of the brine
causes the impurities to be lovated in screenable particles.
Subsequent washing will improve the final product to
99+ level with relative simple screening and washing
techniques. A high quality sodium chloride can be pro-
duced from the complex Searles Lake brine.

APPENDIX A
CALCULATIONS

1. Composition of the brine at Point N
Reading the coordinates at N {in moles %):
Na;Cly = &7 N80, = 20 Na,COy = |3
P has a total moles composition of 71.3 per 1800
moles H;0
{Data in Figure ).
G has 2 total moles composition of 62.9 per 1000
moles H;O
{Data in Figure |).
The difference 15 8.4 representing the total section
PG
If X is the difference at Point N, then NP/PG =
X/8.4 measuring MP and PG, X/8.4 = 68/19.8
where X == 3,45, Therefore, the toial moles at N wilt
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be 71.3 - 3.45 = 67.83 per 1000 H;O. The molar
composition at N will then be;

MNa,Cl, = 0.67 X 6785 =454 or in ions %

N80, = 020 X 67.85 = 136  Cl= 1225
N2, CO; = 013 X 67.35 = &8 80, = 5.0
H,0 = 1000 €O, = 2.0

Graphie calculation of the water to be used
AM

MN

6
27
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Total moles of solute in liquid phase
Total moles in solid phase

If W is the water corresponding to the total moles
in the liquid phase, then: 6/W == §7.85/1000 (Point
N)

where W == 88.5 Moles = 1590 gm

The original salt were before washing = 6 + 27 =
33 moles if 0,951 moles (See Table 1) represent 100
gin then 13 moles will represent 33 X 1000/0.851 =
3880 gm

Ratic R water/feed salt = 1590/3880 = 41%
This figure iy the same as the number caleulated in
Table IL.
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