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EXTRACTING LITHIUM FROM CLAYS BY ROAST-LEACH TREATMENT
by

Jo T May, ! Do S. Witkowsky, 2 and D. C, Seidel3

ABSTRACT

The Federal Bureau of Mines investigated the extraction of lithium
from hectorite-type clay deposits found on the Nevada-Oregon border.
Two clay samples were used in the investigation; one contained 0.36 pct
Li and the second contained 0.64 pct Li. The purpose of this laboratory-
scale research was to determine how these clays responded to different
extraction techniques. Extraction techniques investigated were sulfuric
acid leach, sulfuric acid bake-water leach, and roast-water leach procedures
with cholorides, sulfates, carbonates, and combinations of these reagents.
The processing characteristics of the clay samples showed significant
variations, and no one technique was effective for both materials.
Lithium extractions near 90 pct were achieved during these exploratory
studies.

INTRODUCTION

The Federal Bureau of Mines investigated extraction of lithium from
nonconventional resources in keeping with its goal of maximizing minerals
and metals recovery from domestic resources in order to assure an ade=-
quate supply of minerals to meet national economic and strategic needs.
This report describes the results of bench-scale studies on the process-
ing characteristics of two lithium-containing clays from the McDermitt
Caldera near the Nevada-Oregon border. This information is presented
to provide a data base for further investigations.

The national economic and strategic needs for lithium in 1990 are
projected to be 10 times the present production rate. The potential
energy-related uses of lithium are expected to rise dramatically in the
decades following 1990. Lithium has the greatest potential of any
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In 1974, the Lithium Resource Appraisal Group of the U.S. Geological
Survey, Denver, Colo., was formed to evaluate domestic lithium resources.
Their preliminary work disclosed that various types of clays in the Western
States contain quantities of lithium sufficient to constitute a major new
1ithium resource. The Bureau of Mines lithium extraction program was con-
ducted in cooperation with the U.S. Geological Survey. Clay samples were
supplied by the Lithium Resource Appraisal Group, and experimental results
were reviewed with the group's personnel.

The clays were first subjected to mineralogical studies, which indi-
cated that it would not be practical to upgrade them by conventional
physical beneficiation techniques. For this reason, the Bureau investiga-
tions were conducted primarily on the raw clay samples as received.

This report presents the results of extraction tests conducted on two
samples of hectorite-type clay. Suggestions for future investigations are
also offered.

DESCRIPTION OF McDERMITT CLAYS

Lithium extraction tests were conducted on hectorite-type clays from an
extensive deposit near the Oregon-Nevada border. This area, designated as the
McDermitt Caldera, is described by Glanzman, Rytuba, and McCarthy (6).
McDermitt clays may constitute a potential lithium resource because they con-
tain up to 0.6 pct Li; this concentration is well above the average lithium
concentration in clays (0.006 pct). The McDermitt Caldera is about 26 miles
in diameter and is a result of volcanic activity, subsidence, and sedimenta-
tion. The lithium content probably is derived from volcanic material and
was incorporated into the clay beds during alteration. Lithium is enriched
in clays that are found in a rough crescent shape extending from the north-
eastern corner to the southwestern section of the caldera.

Nine clay samples from the McDermitt Caldera were supplied by the
Lithium Resource Appraisal Group of the U.S. Geological Survey. Six of
the samples were from the northern section of the caldera. Clays in this
area contain as much as 0.36 pct Li and are associated with clinoptilolite
and feldspar. Three of the samples were from the southwestern section of the
the caldera. These clay contain up to 0.64 pct Li and are associated with
analcime and potassium feldspar. Lithium extraction tests were run on one
sample that was typical of the lower grade clays from the northern section
and on one sample that was typical of the southwestern section of the
caldera.

X-ray diffraction studies of the samples showed that both are
montmorillonite-type clays. The principal difference in the clays is
grain size. Figures 2 and 3 are scanning electron photomicrographs of
the samples at X 7,000 magnification. The sample that contains 0.36
pct Li (fig. 2) shows no discrete grains at this magnification. In this
report, this fine-grain sample will be re¢ferred to as McDermitt A. 1In
figure 3, the sample that contains 0.64 pct Li shows discrete, flakelike
grains. This coarser grain sample will be referred to as McDermitt B.
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sample. The entire minus 10 mesh sample was ground to pass 100 mesh to
provide feed material for the extraction tests. Compositions of McDermitt

A and McDermitt B are in table 1.

TABLE 1. - Composition of McDermitt clays, pct

Element or | McDermitt A | McDermitt Bl Element or | McDermitt A | McDermitt B
compound compound

Licececens 0.36 0.64 Keevoeooons .17 4.70
Si0g cveese 53.05 53.48 SO, cennenn 14 .08
MZesooeone 12,00 7.70 COyvvvennn <.10 <.10
Hy0evovvn 9.10 5.74 Rb.ceecees .02 .09
Feceosooonn 1.40 2.29 Cleceooees .01 .01
Al.ceeeees 1.50 4.00 Sreeesanns .01 .01
(of- A 1.13 1.30 Beerooeoas .003 .04
Naceeeooos .59 .18 U,0g-cccee .001 .001
F€eeoooons .53 1.90

EXTRACTION STUDIES

A wide variety of approaches is possible for extracting lithium from
clays. The choice of which approach to follow depends upon the nature of
the specific raw material being considered. Although many lithium extraction
processes have been reported, most of the processes have been developed for
pegmatite raw materials and may not be effective for extracting lithium from
clay feed material (9, 12-13). Previous Bureau of Mines studies have inves-
tigated lime-gypsum roast and chloride roast for lithium extraction from
spodumene and amblygonite (4-5, 7, 10). The techniques chosen for extracting
lithium from clays in this investigation were (1) water disaggregation;
(2) hydrothermal treatment; (3) acid leaching; (4) acid baking-water leaching;
(5) alkaline roasting-water leaching; (6) sulfate roasting-water leaching;
(7) chloride roasting-water leaching; and (8) multiple-reagent roasting-water
leaching.

Leach Tests

One of the simplest approaches toward removal of any constituent from
low=-grade raw materials is direct leaching to solubilize desired elements.
The following leaching techniques were investigated: (1) water disaggregation;
(2) hydrothermal treatment; (3) acid leaching; and (4) acid baking-water
leaching.

Water Disaggregation

The McDermitt clays were slurried with water to (1) determine whether
these samples would disaggregate and form a lithium-rich fraction, and (2)
determine the amount of lithium that was water-soluble., Twenty-five=-gram
samples of the clays were slurried with 225 ml of water and agitated for 1
hour. The slurry prepared with McDermitt A showed slight gelation, but the



McDermitt B slurry did not form a gel. The mixtures were screened; analyses
of the products showed that these clays did not disaggregate to form a lithium-
rich fraction and that less than 1 pct of the lithium in each sample was sol=-
uble in water.

Hydrothermal Treatment

Hydrothermal tests were conducted to determine if lithium in the clay
structure can be transferred towater solutions under relatively mild condi-
tions of heat and pressure. In each test, 40 grams of clay was mixed with
360 ml of water and heated to 200° C in an autoclave for 1 hour; the steam
pressure was 225 pounds per square inch. Analyses of the solids and water
solutions obtained showed that less than 1 pct of the lithium was solubilized
by this treatment.

Acid Leaching

Both McDermitt clays were leached with sulfuric acid at pH 1 to deter-
mine if the contained lithium was acid soluble. Twenty=-five grams of each
clay was added to 225 ml of pH 1 sulfuric acid, and the slurries were stirred
for 3 hours. Sulfuric acid was added every 10 minutes to maintain the solu-
tions at pH 1. The amount of acid required to achieve the pH 1 terminal
acidity was designated as the ''standard'" acid addition for that material. The
next tests were conducted with two and three times the '"standard'" acid addi-
tion to determine whether the amount of lithium extracted was directly pro-
portional to the amount of acid used. Results of these direct acid leaching
tests are shown in table 2.

TABLE 2. - Sulfuric acid leach of McDermitt clays?!

McDermitt A McDermitt B
H,S0, added, Li extraction, H;S0, added, Li extraction,
1b/ton of clay pct 1b/ton of clay pct
2375 19 2226 0.7
750 67 451 1.1
1,125 89 ) )

125 grams of clay, 10 pct solids mixture, 3 hours.
2Standard acid addition.
?Not tested.

This table shows that lithium can be extracted from McDermitt A by
direct acid leaching, but the required acid addition is large. The acid
required to solubilize 89 pct of the lithium in this clay is equivalent
to 1,125 pounds of 98-pct acid per ton of clay. In contrast, only 1 pct
of the lithium in McDermitt B was acid soluble at 1 pH.

A number of tests were also made todetermine if preleach heat treat=-
ment of the clays would alter the acid leaching characteristics. These
tests were made because information from the U.S. Geological Survey suggest=-
ed that heating the two clays could change their crystal structure. The clays



were heat-treated at temperatures from 400° to 1,000° C, and the calcines were
acid leached at pH1l. The amount of lithium leached from the heat-treated sam-
ples was not significantly higher than the amount leached from the raw clays.

Acid Baking-Water Leaching

Acid baking-water leaching tests were conducted on McDermitt A but not
on McDermitt B, because direct acid leaching had shown that McDermitt B did
not respond to acid treatment. The goal of the acid bake-water leach tests
was to determine if the high acid concentrations possible with this technique
would improve the effectiveness of the acid. In this technique, concentrated
sulfuric acid was added directly to the clay and not to a water slurry of the
clay. The acid-clay mixture was baked, and the baked product was leached with
water to extract soluble lithium sulfate. The clay raw material was dry or in
the form of damp pellets. To prepate the damp pellets, dry clay was tumbled
in a small rotary pelletizer and sprayed with water until pellets formed.
Pellets formed in this way retained their shape and strength when treated with
concentrated sulfuric acid. Pellets were also formed by adding both concentrated
acid and water to the dry clay as it tumbled in the pelletizer. With either
preparation technique, when the concentrated acid was added, the heat of
dilution was released within the clay-water mixture and heated the mass of
pellets. Tests showed that when concentrated acid was added to damp pellets
of McDermitt A sufficient heat was released to heat the mass to 80°C.

The clay-acid-water pellets were baked in an open vessel for 1 hour at
temperatures ranging from 50° to 150° C. Comparison tests were run in which
acid-clay mixtures were cured at room temperature (25° C). Variables investi-
gated were (1) amounts of acid added, (2) amount of water used to pelletize
the clays, (3) temperature (either 25° C or baking temperature), and (4) method
of mixing clay with acid and water. Results are tabulated in table 3. All acid
additions are expressed as the pounds of equivalent 98-pct H,S0, added per ton
of clay feed material.

The table shows that at least 1,150 pounds of concentrated acid is
required to solubilize over 80 pct of the lithium in 1 ton of McDermitt A.
When this amount of acid was used, lithium extractions were 81 to 94 pct.
These tests showed that the acid addition was the most significant variable;
no other consistent trends were detected. Comparison of the acid baking
results with those obtained by direct acid leaching shows that the two methods
are equally effective for lithium extraction when an equivalent amount of acid
is used.



TABLE 3. - Acid bake=water leach of McDermitt Al

98-pct H;S0, [ Moisture content? Baking® Method of* Li extraction
added, 1b/ton of pellets, temperature, combining pect
of clay pct water °C acid and clay
875 40 70 c 60
875 40 150 c 62
1,000 None 25 a 73
1,000 None 110 a 75
1,150 25 25 c 86
1,150 25 110 c 86
1,150 25 150 c 83
1,150 40 25 c 81
1,150 40 110 c 82
1,150 40 150 c 87
1,150 25 25 b 83
1,150 25 110 b 94
1,150 25 150 b 80
1,150 40 25 b 91
1,150 . 40 70 b 83
1,150 40 110 b 84
1,150 40 150 b 86
1,150 None 25 a 81
1,150 None 110 a 83
1,450 40 25 c 94
1,450 40 70 c 95
1,450 40 110 c 99
1,750 40 25 c 97
1,750 40 70 c 97
1,750 40 110 c 98
1,750 25 110 b 99
1,750 40 110 b 91
1,750 None 110 a 93
2,025 40 50 c 90
2,025 None 50 a 96

lPelletized mixture of clay, acid, and water.

2Pellets containing 40 pct moisture were formed by adding 40 grams of water
to 60 grams of clay; pellets containing 25 pct moisture were formed by
adding 25 grams of water to 75 grams of clay.

SAcid bake for 1 hour in constant-temperature bath.

4a = acid added directly to dry clay; b = acid and water added simultaneously
to dry clay; c¢ = clay mixed with water to form pellets and acid added to
damp pellets.

SWater leach at 10 pct solids.



Roast Tests

The McDermitt clay samples were treated by alkaline, sulfate, chloride,
and multiple-reagent roasting followed by water leaching. To develop base-
line data, samples of the clays were roasted without reagent additions at
1,000° C for 4 hours, and the roast calcines were leached with water.
Analyses of the calcines showed that 24 pct of the lithium was volatilized
from McDermitt A and 7 pct of the lithium was volatilized from McDermitt B
during roasting. No lithium was extracted from either calcine by water
leaching. It was assumed that the lithium volatilized from the clay during
roasting could be either condensed as a solid product or collected as a
soluble compound in an aqueous scrubbing solution. This assumption was
confirmed in exploratory roasting tests conducted in an apparatus that was
set up to collect all volatile products of the roasting reaction. There-
fore, the percentages of lithium extracted that are reported for the follow-
ing roast-leach tests are given as three values: lithium volatilized during
roasting; lithium leached from the roast calcine; and total lithium extracted
during the test.

Alkaline Roast-=Water Leach

The McDermitt clays were roasted with carbonates and hydroxides of
sodium, potassium, and calcium, and the roasted calcines were leached with
water. The purpose of these tests was to determine if the lithium in the
montmorillonite clay structure can be displaced and converted to a water-
soluble form by the alkaline roasting reactions.

One-hundred=-gram samples of the clays were mixed with potassium, sodium,
or calcium carbonate, and the mixtures were roasted at 1,000° C for 4 hours.
The roasted calcines were ground and analyzed. Material balance calculations
showed that 93 pct or more of the lithium in the feed material was present
in the calcine; less than 7 pct of the lithium was vaporized during roasting.
Samples of the roasted calcines were leached with water at 10 pct solids to
extract soluble lithium. Results of carbonate roast-water leach tests are
given in table 4.

TABLE 4. - Carbonate roast-water leach of McDermitt claysl

Weight Li extraction, pct
Carbonate carbonate McDermitt A McDermitt B
per 100 grams | Vola- |Leached®| Total | Vola- |Leached®| Total
of clay, grams|tilized extracted|tilized extracted
K;CO, vuve 35 0 2 2 7 14 21
NaCO, ... 30 0 4 4t 6 32 38
CaCOz.... 40 7 18 25 yi 11 18

lRoast: 1,000° C; &4 hours.
3Water leach of calcine, 10 pct solids
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The sodium carbonate roasts produced the highest lithium extractions:
44 pect from McDermitt A and 38 pct from McDermitt B. Roast tests with potas-
sium and calcium carbonates produced lower lithium extractions.

The McDermitt clays were roasted with sodium hydroxide at 1,000° C.

The roast products were a fused mass that attacked the roasting crucible. Over
72 pct of the lithium in the raw materials was volatilized as the oxide from
the clay-hydroxide mixture during roasting. Only 1 pct of the lithium in the
calcines was removed by water-leaching. Roasting tests were also run at 500°
C. Both potassium and sodium hydroxides were used in these tests. Results,
given in table 5, showed that no lithium was volatilized from the McDermitt A
calcine and that only 5 to 8 pct was volatilized from the McDermitt B calcine.
However , water-leaching these calcines extracted only 1 or 2 pct of the con-
tained lithium,

TABLE 5. = Hydroxide roast-water leach of McDermitt clays®

Weight
hydroxide| Tem=- Li extraction, pct
Hydrox- per per- McDermitt A McDermitt B
ide |100 grams|ature,| Vola- |Leached®| Total Vola- [Leached®| Total
of clay, | ® C |[tilized extracted |tilized extracted
grams
KOH.... 30 500 0 1 1 5 1 6
NaOH... 20 500 0 2 2 8 1 9
NaOH... 20 1,000 72 1 73 74 0 74

1Roast: 4 hours.
®Water leach of calcine, 10 pct solids.

Sulfate Roast=Water Leach

McDermitt clays were roasted with calcium, sodium, or potassium sulfate
to form water-soluble lithium sulfate., Mixtures of the clays and sulfates
were roasted at 1,000° C for 4 hours, and the calcines were leached withwater.
Results of initial tests with sodium and potassium sulfates showed that less
than 50 pct of the lithium was extracted from each sample. However, roasting
tests with calcium sulfate produced lithium extractions of 62 to 68 pct.
Therefore, further calcium sulfate tests were run to investigate the effects
of temperature and amount of calcium sulfate used. Roast temperatures tested
were 800° to 1,100° C. For these tests, 50 grams of calcium sulfate was mixed
with 100 grams of clay. 1In one duplicate test at 1,000° C, one-half the stan-
dard quantity of calcium sulfate was used. When 100 grams of the clays were
roasted with 25 grams of calcium sulfate instead of 50 grams, lithium extrac-
tions were reduced from over 60 pct from both clays to 15 pct from McDermitt A
and to 50 pct from McDermitt B.

Results of the temperature tests, given in table 6, show that lithium
extractions from McDermitt A and B are very dependent upon roasting temperature.
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At optimum temperature of about 1,000° C, the total lithium extraction was

67 pct from McDermitt A and 72 pct from McDermitt B. Table 6 shows that the
amount of lithium volatilized from McDermitt B was higher at 1,100° C than at
1,000° C, but the amount of lithium extracted from the calcine by water=-
leaching was much lower.

TABLE 6. - Calcium sulfate roast-water leach of McDermitt clays?

Roast Li extraction, pct
temperature, McDermitt A McDermitt B
°C Volatilized | Leached®| Total Volatilized | Leached®| Total
extracted extracted
800 1 2 3 4 2 6
9003 9 32 41
9503 3 41 44
1,000 14 53 67 13 59 72
1,050° 9 59 68
1,100° 20 35 55

l1Roast: 100 grams of ore; 50 grams CaSO, ; 4 hours.
2Water leach of calcine, 10 pct solids.
3Not tested with McDermitt A.

Chloride Roast-Water Leach

A chloride roast=-water leach process has been reported by Peterson and
Gloss (9) for extracting lithium from spodumene ores. In their process,
347 parts of potassium chloride was roasted with 100 parts of spodumene that
contained 3,58 pct Li. The ratio of potassium chloride to lithium in the ore
was 89 to 1. When chloride roast-water leach techniques were investigated
for extracting lithium from McDermitt B, the same weight ratio was used. This
weight ratio was 57 grams of potassium chloride to 100 grams of the clay. The
same amount of potassium chloride was used in the roasting tests with
McDermitt A; in these tests, the weight ratio of potassium chloride to lithium
in the clay was 158 to 1.

The mixtures of clay and potassium chloride were roasted at 1,000° C for
4 hours., The calcines produced were leached with water to extract water=-
soluble lithium chloride. For McDermitt A, 27 pct of the lithium was vola-
tilized during roasting but no lithium was extracted from the calcine by
water-leaching; the total lithium extraction was 27 pct. For McDermitt B,
39 pct of the lithium was volatilized during roasting and, of the lithium
remaining in the calcine, 31 pct was leached with water. The total lithium
extraction was 58 pct=--39 pct in the volatile product and 19 pct in the water=-
soluble product.

Multiple-Reagent Roast=Water Leach
The purpose of multiple-reagent roasts was to achieve greater lithium

extraction by combining the effects of chloride roasting with those obtained
by a roast=water leach treatment. Two combinations of reagents were tested:
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potassium chloride plus calcium carbonate and potassium chloride plus cal-
cium sulfate. Variables investigated were the roasting temperatures and the
amount of reagents added. These tests were conducted with McDermitt B only,
because earlier tests had shown that lithium can be extracted from McDermitt A
by less complex procedures than the multiple-reagent roast-water leach
treatment.

Potassium Chloride-Calcium Carbonate Roast-Water Leach

Conditions and results of potassium chloride-calcium carbonate roast
tests are given in table 7.

TABLE 7. - Potassium chloride-calcium carbonate
roast=water leach of McDermitt B!

Roast Weight reagent per 100 grams Li extraction, pct
temperature, of clay, grams Volatilized | Leached® Total
°c KCL CacCo, extracted
1,000 57 40 86 3 89
800 57 40 3 21 24
1,000 42 30 57 7 64
1,000 28.5 20 XA 3 47
1,000 14 10 35 0 35

1Roast: 4 hours.
3Water leach of calcine, 10 pct solids.

Potassium chloride-calcium carbonate roast-water leach treatment of
McDermitt B was the most successful technique tested for extraction of lithium
fromthis clay. A total of 89 pct of the lithium was extracted=-86 pct as the
volatile product and 3 pct as the water-soluble product. In contrast, the
lithium extraction from McDermitt B by roasting with potassium chloride only
was 58 pct, and the lithium extraction by roasting with calcium carbonate only
was 18 pct. Results of the tests at 800° and 1,000° C indicate the mixtures
must be roasted at the higher temperature in order to extract lithium as a
volatile product. Tests with different amounts of reagents show that lithium
extractions increased in proportion to the amounts of reagents added.

Potassium Chloride-Calcium Sulfate Roast-Water Leach

Conditions and results of potassium chloride-calcium sulfate roast-water
leach tests are given in table 8.
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TABLE 8, - Potassium chloride-calcium sulfate roast-water
leach of McDermitt B!

Roast Weight reagent per 100 grams Li extraction, pct
temperature, of clay, grams Volatilized | Leached® Total
°C KCl CaSQ: extracted
1,000 57 50 14 67 81
800 57 50 0 24 24
1,000 42 38 21 54 75
1,000 28.5 25 10 53 63
1,000 14 12 11 22 33

1Roast: 4 hours.
®Water leach of calcine, 10 pct solids.

Roasting McDermitt B witha combination of potassium chloride and calcium
sulfate resulted in a total lithium extraction of 81 pct; roasting the clay
with calcium sulfate only showed a total lithium extraction of 72 pct. The
amount of lithium volatilized during potassium chloride-calcium sulfate roast-
ing and during calcium sulfate roasting is the same (see table for calcium
sulfate roast), but the amount of lithium extracted by water=-leaching the
calcines produced is 67 pct from the multiple-reagent roast as contrasted to
59 pct from the calcium sulfate roast. Again, roasting at 1,000°C is much
more effective than roasting at 800° C, and lithium extractions are in pro-
portion to the amounts of reagents added.

SUMMARY

Exploratory extraction studies were conducted on two samples of lithium-
bearing clays. The samples were from the McDermitt Caldera near the Oregon-
Nevada border and represented an extensive deposit of hectorite raw material.
One sample from the northern part of the deposit contained 0.36 pct Li and
was designated McDermitt A; the second sample from the southern part of the
deposit contained 0.64 pct Li and was designated McDermitt B. The extraction
techniques tested were=-

1. Agitation leaching with sulfuric acid.
2. Sulfuric acid bake-water leaching techniques.

3. Roast=water leach procedures using carbonates, sulfates,
chlorides, and combinations of these reagents.

Although the two clay samples were from the same caldera, they exhibited
different processing characteristics. Lithium extraction from McDermitt A
could be achieved by simple acid leaching, but lithium extraction from
McDermitt B required more severe processing treatment.
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Results of the extraction tests are as follows:

1. Sulfuric acid leaching extracted over 90 pct of the lithium from
McDermitt A but only 1 pct of the lithium from McDermitt B.

2. Alkaline carbonate roast-water leach treatment extracted about 40 pct
of the lithium from each clay.

3. Both alkaline hydroxide roast-water leach treatment and calcium
sulfate roast-water leach treatment extracted about 70 pct of the lithium
from each clay.

4, Potassium chloride roast-water leach treatment extracted 27 pct of
the lithium from McDermitt A and 58 pct of the lithium from McDermitt B.

5. Lithium extractions from McDermitt B were significantly increased
when multiple~-reagent combinations were used. Potassium chloride=-calcium
carbonate roast-water leach treatment extracted 89 pct of the lithium, and
potassium chloride-calcium sulfate roast-water leach treatment extracted
81 pct of the lithium.

RECOMMENDATIONS

The extraction studies illustrate that results from tests with one clay
cannot be used to predict the results that will be obtained when the same
extraction technique is applied to different clay. The two samples from the
McDermitt Caldera responded differently to the extraction techniques tested.
However , the exploratory test results can give general directions for further
work.

Techniques that appear to warrant development for extracting lithium
from the McDermitt clays are (1) sulfuric acid bake-water leach; (2) chloride
roast-water leach; (3) sulfate roast-water leach; and (4) multiple-reagent
roast-water leach., The developmental investigations must be designed to yield
results that can be used to evaluate both the economic feasibility and the
envirommental impact of the process.

Further work on the sulfuric acid bake-water leach extraction technique
should include:

To evaluate economic feasilility:

e Recycling tests of water leach solutions to obtain high lithium
concentrations in solution while still achieving acceptable
extraction from the clay.

® Countercurrent leaching=-washing operations to remove entrained
leach liquors from the solid residues.

To evaluate envirommental impact:

e Analyses of the final solutions and solid residues produced to
determine levels of accessory (trace) elements.
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e Purification studies for effective removal of prohibited
accessory elements fromsolutions if analyses show them to
be present at higher than acceptable levels.

e Percolation tests on the insoluble residue from water leach
operations to determine the nature and amount of salts that

will be leached into ground waters by rainfall and melting
Snow'

Further work inthe reagent roast-water leach extraction technique
should include:

To evaluate economic feasibility:

e Roasting tests to determine the optimum conditions of time
and temperature and to determine the minimum amounts of rea-
gent additions required for lithium extraction.

® Roasting tests to determine the effect of different furnace
atmospheres on recovery of volatile products.

e Leaching tests to investigate efficient methods for obtaining
higher lithium concentrations in leach liquors.

To evaluate envirommental impact:

e Analysis of the offgases produced during roasting to determine
whether the gases must be scrubbed to remove pollutants.

e Percolation tests on the water leach residue to determine whether
salts will be leached into ground waters when the residue is
returned to the surrounding area.
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