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RECOVERY OF LITHIUM COMPOUNDS 
FROM BRINES 

This Application claims the benefit of U.S. Provisional 
Application No. 60/100,340, filed Sep. 13, 1998, and U.S. 
Application Ser. No. 60/093,024, filed Jul. 16, 1998. 

BACKGROUND AND SUMMARY OF THE 
INVENTIONT190 

The present invention relates to an integral process that 
uses a minimum number of proceSS Steps for producing 
chemical and high purity grades of lithium carbonate and 
lithium chloride directly from the same natural brine source. 

It is desirable, from a commercial Standpoint, to provide 
a Source of lithium low in Sodium content because Sodium 
becomes reactive and potentially explosive in certain chemi 
cal processes, particularly those in production of lithium 
metal from lithium Salts. A Substantial portion of presently 
available lithium is recovered from brines, which also con 
tain high levels of Sodium, making the production of low 
Sodium lithium Salts difficult and expensive. At the present 
time, there does not exist a viable low cost integral processes 
for producing low Sodium lithium carbonate and chemical 
and high purity grades of lithium chloride directly from 
natural brines containing lithium. 

Natural brines that contain lithium also contain many 
constituents as illustrated in the following Table: 

TABLE 1. 

NATURAL BRINE COMPOSITION 

Great Bonne- Salton Silver 
Dead Salt wille Sea Peak 
Sea Lake Brine Brine Brine 

Ocean Israel Utah Utah Calif Nevada 

Na 1.05 3.0 7.0 9.4 5.71 6.2 
K O.O38 O6 0.4 O6 1.42 O.8 
Mg O.123 4.0 O.8 0.4 O.O28 O.O2 
Li O.OOO1 O.OO2 OOO6 O.OO7 O.O22 O.O2 
Ca O.04 O.OS 1.5 0.5 O.O 0.71 
Cl 1.9 16.0 14.O 16.0 15.06 10.06 
Br O.OO65 0.4 O.O O.O O.O O.OO2 
B O.OOO4 O.OO3 O.OO7 O.OO7 O.O39 O.OOS 
Li/Mg O.OOO8 O.OOO5 O.OO75 O.O175 O.786 1.O 
Lifk O.OO26 O.OO33 OO15 O.OO49 O.O155 O.O16 
LifCa O.OO25 OOO64 O2 O.O583 O.OOO8 1.O 
LifB 0.25 O.6666 0.857 1.O O.O51 4.0 

(All values in weight percent) 

Production of lithium carbonate and lithium chloride with 
acceptable qualities from Such brines requires employing 
techniques to remove Specific cations and anions that 
accompany the lithium in Solution, and then concentrating 
the lithium for extraction. 

Individual applications require that these ion impurities be 
reduced to Specific maximum levels and a number of pro 
ceSSes have been described for removing these impurities. 
For example, U.S. Pat. No. 5,219,550 to Brown and Boryta 
describes a method for producing chemical grade lithium 
carbonate from natural lithium containing brine by first 
removing most of the components from the brine by con 
centrating utilizing Solar evaporation techniques. Concen 
trating the brine with respect to lithium by Solar evaporation 
causes most of the unwanted components to precipitate from 
the brine, i.e., Salt out. Boron, which concentrates with the 
lithium, is Subsequently removed using an extraction pro 
ceSS. The remaining magnesium is removed by adding a 

5 

15 

25 

2 
base to precipitate magnesium carbonate and/or magnesium 
hydroxide, and the lithium is finally precipitated from the 
purified brine as lithium carbonate by the addition of soda 
ash. Other processes related to the above proceSS are dis 
closed in U.S. Pat. Nos. 4,036,718; 4,243,392; and 4,261, 
96.O. 

Other techniques for producing purified lithium Salts are 
known. For example, German Patent DE 19,541,558 to 
WuSSon et al describes a process to reduce Sodium from 
lithium chloride solutions by cooling. U.S. Pat. No. 4,859, 
343 to Kullberg et al describes an ion exchange method for 
removing sodium from brines. U.S. Pat. No. 5,599,516 and 
Russian Pat. No. 9,419,280 describe absorption/ion 
eXchange processes for recovering lithium from brine. 

U.S. Pat. No. 4,980,136 discloses a procedure for prepar 
ing chemical- grade and low Sodium lithium chloride 
(battery grade, less than 20 ppm Sodium and less than 5 ppm 
magnesium) from concentrated natural brine by crystallizing 
lithium chloride from a magnesium/lithium chloride brine to 
produce a chemical grade of lithium chloride crystal. This is 
followed by alcoholic extraction of the soluble lithium 
chloride from the crystal leaving Sodium chloride as the 
insoluble phase. The alcohol Solution containing the lithium 
chloride is then filtered and evaporated to form a high purity 
grade of lithium chloride crystal. 

East German Patent DD 257,245 describes a method for 
recovering lithium chloride from concentrated brine con 
taining both calcium chloride and magnesium chloride and 

Salar de Atacama 
Brines 
Chile 

7.17 5.7O 
1.85 1.71 
O.96 1.37 
O.15 O.193 
1.46 O.O43 

16.04 17.07 
O.OO5 O.OOS 
O.04 O.04 
0.156 0.141 
O.O81 O.113 
4.84 O.244 
3.75 4.83 
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selectively extracting lithium chloride with alcohol. Other 
patents related to such processes include U.S. Pat. Nos. 
4,271,131 and 4,274,834. 

U.S. Pat. No. 4,207,297 describes production of a low 
Sodium lithium carbonate (Sodium less than 10 ppm in 
lithium carbonate) from technical lithium carbonate. This is 
accomplished by reacting lithium carbonate with lime fol 
lowed by filtration to produce a lithium hydroxide solution. 
The Solution is Subsequently purified with just enough 
carbon dioxide to remove the residual calcium and filtered. 
More carbon dioxide gas is added to the purified lithium 
hydroxide Solution to re-precipitate lithium carbonate crys 
tal as a high purity product. 

Except for the methods described in DE 19,541,558, U.S. 
Pat. No. 4,243,392 and U.S. Pat. No. 5,219,550, the methods 
of the prior art are not practiced today because they are 
either technically or economically not viable. 
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Another process for producing lithium chloride is Set forth 
in Chilean Pat. Application No. 550-95, which describes a 
procedure whereby a purified brine containing essentially 
lithium chloride is directly produced from natural brines that 
have been concentrated by Solar evaporation and treated by 
an extraction process to remove boron. However, the 
Sodium, calcium, and Sulfate levels in the resultant brine are 
too high to be an acceptable brine Source of lithium chloride 
for producing a technical grade lithium metal, primarily 
because the two major remaining impurities, Sodium and 
magnesium, have to be further reduced to acceptable levels 
to produce chemical grade lithium chloride crystal. 
Specifically, magnesium must be reduced to less than 0.005 
wt % Mg, and sodium to less than 0.16 wt % Na in the 
anhydrous lithium chloride Salt. Salting out anhydrous 
lithium chloride directly from brine above 110° C. in a 
vacuum crystallizer as described in U.S. Pat. No. 4,980,136 
yields a lithium chloride containing at best 0.07 wt % Mg 
and 0.17 wt % Na. 

It is accepted, although not proven, that lithium chloride 
crystal containing 0.07 wt % Mg may be too high in 
magnesium to be used for producing lithium metal and for 
Subsequent use in the production of lithium organometallic 
compounds. Thus, the industry demands that organolithium 
catalysts in polymerization reactions be low in magnesium. 
Lithium chloride high in magnesium can also adversely 
affect the operation of the lithium electrolysis cell when 
producing the lithium metal. 
AS noted above, the Sodium impurity in the lithium 

chloride crystal reports directly to the metal when producing 
lithium metal. Thus, low Sodium lithium salts are desirable. 
Sodium in lithium chloride crystal above 0.6 wt % produces 
metal containing 1 wt % Sodium or higher. Sodium concen 
trations of about 1 wt % in lithium metal or above renders 
the lithium metal more reactive to natural components of air. 
This makes the metal more difficult and more dangerous to 
handle. Table 2 Sets forth data concerning Sodium limits and 
tolerances in different lithium Sources: 

TABLE 2 

Sodium Content of Lithium Chloride 

maximum Na in LiCl 
Brown & limits for chloride required 
Becherman chemical for battery 

chemical grade grade metal grade metal 

% Lithium chloride 99.2 99.2 99.8 
% Na** 0.17 O.04 O.OOO6 

** wt % in Lithium chloride 

Commercial methods employed to produce low Sodium 
lithium carbonate and lithium chloride on a commercial 
Scale include extraction of lithium compounds from mineral 
deposits Such as Spodumene bearing ore and natural brines. 
A number of processes have been described and Some have 
been commercialized for producing lithium carbonate from 
these Sources. 
One Such commercial method involves extraction of 

lithium from a lithium containing ore or brine to make a pure 
lithium Sulfate Solution Such as described in U.S. Pat. No. 
2,516,109, or a lithium chloride Solution Such as described 
in U.S. Pat. No. 5,219,550. After purifying the solutions, 
Sodium carbonate is added as either a Solid or a Solution to 
precipitate lithium carbonate crystals. The lithium carbonate 
is Subsequently filtered from the spent liquor (mother 
liquor), and the lithium carbonate is washed, dried, and 
packaged. 
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4 
Lithium carbonate is often used as a feed material for 

producing other lithium compounds Such as lithium 
chloride, lithium hydroxide monohydrate, lithium bromide, 
lithium nitrate, lithium Sulfate, lithium niobate, etc. Lithium 
carbonate itself is used as an additive in the electrolytic 
production of aluminum to improve cell efficiency and as a 
Source of lithium oxide in the making of glass, enamels, and 
ceramics. High purity lithium carbonate is used in medical 
applications. 

For example, a presently used commercial procedure for 
producing chemical grade lithium chloride is to react a 
lithium base such as lithium carbonate or lithium hydroxide 
monohydrate with concentrated hydrochloric acid to pro 
duce a pure lithium chloride brine. The resultant lithium 
chloride brine is evaporated in a vacuum crystallizer at or 
above 101° C. to produce an anhydrous lithium chloride 
crystal product. This procedure yields a product that meets 
most commercial Specifications for chemical grade lithium 
chloride, but not low sodium grades of lithium chloride. 
Chemical grade lithium chloride is Suitable for air drying 
applications, fluxes, an intermediate in manufacture of 
mixed ion-exchange Zeolites, and as a feed to an electrolysis 
cell for producing chemical grade lithium metal. Chemical 
grade lithium metal is used, inter alia, to produce lithium 
organometallic compounds. These compounds are used as a 
catalyst in the polymerization and pharmaceutical industry. 

Chemical grade anhydrous lithium chloride should con 
tain less than 0.16% sodium in order to produce metal 
containing less than 1% Sodium. The importance of mini 
mizing the Sodium content in the metal and the costs 
asSociated there with are the principle reasons for using 
lithium hydroxide monohydrate or lithium carbonate as the 
raw material for producing lithium chloride and, 
Subsequently, lithium metal. In consideration, low Sodium 
lithium chloride, typically contains less than 0.0008 wt % 
Sodium, and is commercially produced to manufacture low 
Sodium lithium metal Suitable for battery applications and 
for producing alloys. 

Commercially, low sodium lithium chloride is produced 
indirectly from chemical grade lithium carbonate. Chemical 
grade lithium carbonate is produced from Silver Peak 
Nevada brine, Salar de Atacama brines in Chile, Hombre 
Muerto brines in Argentina, and from Spodumene ore (mined 
in North Carolina). The lithium carbonate is converted to 
lithium hydroxide monohydrate by reaction with slaked 
lime. The resultant slurry contains precipitated calcium 
carbonate and a 2-4 wt % lithium hydroxide solution, which 
are separated by filtration. 
The lithium hydroxide solution is concentrated in a 

Vacuum evaporation crystallizer in which the lithium 
hydroxide monohydrate is crystallized, leaving the Soluble 
Sodium in the mother liquor solution. The crystal lithium 
hydroxide monohydrate is Separated from the mother liquor 
and dried. This salt normally contains between 0.02 and 
0.04% sodium. To further reduce the Sodium levels, the 
lithium hydroxide monohydrate must be dissolved in pure 
water and recrystallized, and Subsequently reacted with pure 
hydrochloric acid to form a concentrated lithium chloride 
brine containing less than 10 ppm Sodium. The resultant 
lithium chloride Solution is then evaporated to dryneSS to 
yield anhydrous lithium chloride Suitable for producing 
battery grade lithium metal containing less than 100 ppm 
Sodium. The above process requires Seven major processing 
StepS described as follows: 
1) Extraction and purification of a low boron acqueous 

solution containing 0.66 to 6 wt % Li from lithium 
containing ore or natural brine; 
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2) Purification of the brine with respect to magnesium and 
calcium and filtered; 

3) Precipitation of lithium carbonate from the purified brine 
by addition of NaCO, and filtering and drying the 
lithium carbonate; 

4) Reacting Slaked lime and lithium carbonate to produce a 
LiOH solution and filtering; 

5) Crystallizing LiOHHO in a vacuum crystallizer; 
6) Dissolving the LiOHHO crystals and re-crystallizing 
LiOHHO from solution; and 

7) Reacting high purity HCl with re-crystallized LiOHHO 
to produce a high purity lithium chloride brine from 
which low sodium lithium chloride is crystallized and 
drying the lithium chloride. 
Low Sodium lithium carbonate can be prepared from 

re-crystallized LiOHHO using the first part of the process 
described above. The recrystallized LiOHHO is then 
mixed with water and reacted with CO to precipitate the 
lithium carbonate. The processing StepS are Set forth below: 
1) Extraction and purification of a low boron aqueous 

Solution containing 0.66 to 6 wt % Li from lithium 
containing ore or natural brine; 

2) Purifying the brine is then purified with respect to 
magnesium and calcium and filtered. 

3) Precipitate LiCO from the purified brine with the 
addition of NaCO, filtered and dried. 

4) React slaked lime and LiCO to produce a LiOH solution 
and filter. 

5) LiOHHO is crystallized in a vacuum crystallizer. 
6) Dissolve again and re-crystallize LiOHHO from solu 

tion. 
7) React CO gas with a slurry containing re-crystallized 
LiOHHO to Crystallize low sodium high purity Lithium 
carbonate crystal, filter and dry. 
Production of lithium chloride direct from concentrated 

brine has also been described in U.S. Pat. No. 4,274,834. 
The present invention provides an integral and novel 

proceSS which reduces the number of major processing Steps 
for producing chemical (technical) grade and low Sodium 
lithium carbonate and lithium chloride directly from natural 
lithium containing brines concentrated to about 6.0 wt % Li 
without the lithium hydroxide monohydrate single and 
double recrystallization Steps present in the processes of the 
prior art. 

The present invention also relates to a method for pre 
paring chemical grade lithium chloride direct from the same 
concentrated Starting brine as that used to prepare the 
lithium carbonate. 

The present invention incorporates the process described 
in U.S. Pat. No. 5,219,550 to produce a chemical grade 
lithium carbonate to Specifically utilize the mother liquor 
by-product Stream from that process to recover lithium from 
the magnesium containing purification muds that are formed 
when producing lithium chloride directly from brine, elimi 
nating the Steps of first precipitating lithium carbonate or 
lithium hydroxide and then transforming these Salts to 
lithium chloride. Additionally, the process of the invention 
yields a high purity lithium carbonate having less than about 
0.002 wt % sodium using a carbon dioxide/bicarbonate 
cycle, and a process of preparing a high purity lithium 
chloride by reacting the high purity lithium carbonate with 
a high purity hydrochloric acid. 

All patents cited herein are incorporated by reference in 
their entireties. 

BRIEF DESCRIPTION OF THE FIGURE 

FIG. 1 is a flow diagram showing the production of 
technical grade lithium carbonate according to the present 
invention; 
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6 
FIG. 2 is a flow diagram showing the production of low 

Sodium lithium carbonate according to the present invention; 
FIG. 3 is a flow diagram of the process of direct lithium 

chloride recovery from brine according to the present inven 
tion of a preferred embodiment of the invention; 

FIG. 4 is a laboratory apparatus for producing low Sodium 
lithium carbonate according to the present invention; 

FIG. 5 is an apparatus with an absorption column for 
preparing the low Sodium lithium carbonate according to the 
present invention wherein carbon dioxide from the proceSS 
reaction is recycled into the absorption column; 

FIG. 6 shows a preferred apparatus having a Sieve column 
for preparing the low Sodium lithium carbonate of the 
present invention; and 

FIG. 7 shows an alternative apparatus having a Scheibel 
column for preparing the low Sodium lithium carbonate of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The following describes in detail the proceSS for making 
low Sodium lithium carbonate from chemical grade lithium 
carbonate without the need for using the double crystalliza 
tion process for making high purity lithium hydroxide 
monohydrate. 

There are different chemical compositions of brine that 
exists in nature that contain lithium (see Table 1, Supra). For 
example, there exists in the Salar de Atacama basin two 
different types of lithium containing brine. These are 
described as high Sulfate brine and high calcium brine. 
Sulfate may be removed from the brine by adding either lime 
or a calcium chloride by-product from another Source, or 
mixing with a brine containing calcium to precipitate the 
calcium and sulfate as gypsum (CaSO2 HO). This pro 
duces a low calcium low Sulfate brine that can be Solar 
concentrated and have a higher lithium yield than concen 
trating a brine containing Sulfate or calcium. Reducing the 
sulfate in the brine also allows for better recoveries of potash 
from brines that naturally contain potassium. 
The natural brine is concentrated to a lithium content of 

about 6.0%, e.g. 6.0–6.5% by Solar evaporation. During the 
Solar evaporation process, gypsum continues to 
co-precipitate with Sodium chloride when Sulfate and cal 
cium are stoichiometrically balanced. With continued 
evaporation, potassium chloride and Sodium chloride pre 
cipitate until the lithium and magnesium concentrations 
increases to about 0.76 wt % Li and 5.2 wt % Mg. Concen 
trating the brine from 0.76 wt % Li to 1.4 wt % Li will 
precipitate the carnallite salt (KCIMgCl6 H2O). This 
reduces the Mg: Liratio in solution from about 6.8:1 to 5.1:1, 
and removes most of the Sodium and potassium from 
Solution. Continued evaporation and concentration of the 
brine from 1.4 wt % Li to 4.2 wt % Li precipitates the 
bischofite salt (MgCl6 HO). This further reduces the 
Mg: Li ratio to 0.93:1. 

Further concentration of the brine from about 4.2 wt % Li 
to about 6.2 wt % Li precipitates the lithium carnallite salt 
(LiClMgCl, T HO). This further reduces the Mg: Liratio to 
about 0.24:1. 
To improve the lithium yield when concentrating the brine 

to about 6 wt % lithium, the lithium precipitated from brine 
as lithium carnallite is converted to the bischofite Salt and 
lithium chloride brine by mixing the lithium camallite salt 
with brine containing between 1.4 to 3 wt % Li. In order to 
convert 100% of lithium carnallite to bischofite, the resultant 
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recovered brine contained in the bischofite Salt ponds must 
not exceed a lithium concentration of 4.2 wt % Li. 
Magnesium polyborates precipitate slowly from the con 

centrated brines. This usually causes the boron Salts to Super 
Saturate when the brine resident time in the ponds is short. 
AS a result, the boron content of the brines can range 
between 0.5 to 1.2 wt % boron. 
At ambient conditions, the concentrated brine will contain 

on the average: 

6.O. O.3 %. Li 
1.65 + 0.4 % Mg 

O.08 % Na 
O.O2 % K 
O.O33 % Ca 
O.O19 % SO 

O8 O.2 % B 
35 - O.S % Cl 

Natural brines containing lithium, magnesium, potassium, 
Sodium, boron, wherein calcium and Sulfate are Stoichio 
metrically balanced, will have this general composition 
when evaporated and concentrated under ambient conditions 
by Solar evaporation to 6 wt % lithium. Brine containing 6.5 
wt % Li cannot be further concentrated because, at ambient 
conditions, this concentration defines the “end point' or the 
drying up point of the Li-Mg-Cl-HO system. Further 
evaporation will not change composition of the brine or the 
Mg:Li ratio of the brine, and will Serve only to precipitate a 
mixture of lithium carnallite and lithium chloride monohy 
drate (LiClHO) as the brine evaporates. The resultant salt 
mixture will have the same Mg: Li ratio as the end point 
brine. 

The boron and magnesium remaining in brine concen 
trated to about 6 wt % Li must be removed in order to make 
a Suitable lithium carbonate product. It is preferred that 
boron is removed by an alcohol eXtraction Such as described 
in U.S. Pat. No. 5,219,550, hereby incorporated by reference 
in its entirety. This extraction process reduces the boron in 
the concentrated brine to less than about 0.0005 wt % B. 

Procedures known in the art for directly removing mag 
nesium from concentrated brine as magnesium hydroxide 
are costly because valuable lithium will be retained by the 
magnesium hydroxide which forms as a Voluminous pre 
cipitate which is difficult to filter. To achieve maximum 
lithium yields and facilitate filtration, the magnesium may 
be removed in two steps. As much as 97% of the magnesium 
may be removed as magnesium carbonate (MgCO) by 
mixing the concentrated brine with recycled mother liquor 
from the lithium carbonate precipitation Step. This utilizes 
the carbonate present in the lithium carbonate crystallizer 
mother liquor and recovers most of the lithium that remains 
soluble in the mother liquor. 
When recycling mother liquor, it is important to carefully 

control the CO/Mg ratio to prevent lithium carbonate from 
precipitating with the magnesium carbonate. This is because 
the lithium concentration at this point in the proceSS may be 
high (0.5 to 1.2 wt % Li), but this becomes less problematic 
at lower lithium concentrations, e.g., at about 1.0%. After 
the magnesium carbonate is precipitated and filtered, the 
magnesium carbonate Solids are given a displacement wash 
using lithium carbonate mother liquor to recover Some of the 
concentrated brine retained with the magnesium carbonate 
Solids. Using mother liquor as the wash instead of water 
reduces the water input to the process that must be Subse 
quently removed as a process bleed Stream. The mother 
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liquor constitutes the process bleed whereby all the water 
(from brine and wash water) and Sodium chloride are 
continuously removed from the process (from Soda ash 
reaction with lithium and magnesium chloride) and which 
contains about 5% of the total lithium in the concentrated 
feed brine. The washed muds contain between 5 and 12% of 
the total lithium input and constitutes a major lithium loSS 
for the process in addition to the lithium lost with the 
proceed bleed. 
The magnesium remaining in the brine (generally from 

0.06 to 0.02 wt % Mg) is finally removed by treating the 
brine with a lime/soda ash (CaO/Na2CO) slurry to form 
insoluble magnesium hydroxide (Mg(OH)) and insoluble 
calcium carbonate (CaCO). The coprecipitated CaCO acts 
as a filter aid in filtering the Mg(OH) muds. Additional filter 
aid may be added to further improve filtration. The lime/ 
soda ash ratio is adjusted to control the level of soluble 
calcium remaining in the purified brine. 

Because magnesium hydroxide usually precipitates as a 
gel, it is preferred to maintain the pH between 8.45 and 9.10 
(measured directly with a slurry pH electrode) in order to 
achieve maximum filtration rates. After Separation of the 
solids from the purified brine, the brine contains between 
0.5% Li and 1.2% Li, less than 0.0001 wt % magnesium, less 
than 0.0015 wt % calcium, and less than 0.0005 wt % boron. 
The magnesium-calcium-boron free brine is Subsequently 

treated with a Soda ash Solution to precipitate lithium 
carbonate and the mother liquor is recycled as described 
above. The Sodium added to the process as NaCO is 
removed with the mother liquor bleed stream as dissolved 
sodium chloride (NaCl). Hot de-ionized water is used to 
wash the lithium carbonate mother liquor from the filtered 
lithium carbonate crystal to remove Sodium and chloride. 
The lithium in the wash filtrate is recovered by using the 
wash filtrate to produce the Soda ash Solution. 

The lithium carbonate product produced by the foregoing 
process is characterized as technical grade, and a typical 
technical grade lithium carbonate contains about 0.04 wt % 
Sodium. 

This product is a Suitable Source of lithium for producing 
chemical grade lithium carbonate having less then 0.04% 
Na, and Subsequently, low Sodium lithium chloride, without 
need for preparation of lithium hydroxide and the recrystal 
lization Steps of prior art processes. However, the chemical 
grade lithium carbonate first needs to be processed to reduce 
these impurities to a level Suitable for producing a low 
Sodium battery grade lithium chloride. The Sodium content 
in low Sodium lithium carbonate is reduced to below about 
0.0002 wt % Na. 

Purification of the lithium carbonate to produce low 
Sodium lithium carbonate may be conducted in a continuous 
reactor/crystallizer apparatus as shown in FIG. 4. The appa 
ratus is designed to continuously dissolve lithium carbonate 
as lithium bicarbonate (LiHCO) by reacting a slurry (3-5% 
Solids) of the technical grade lithium carbonate prepared as 
described above and water (3-5% solids) with CO gas at 
room temperature (10-40 C.) in a dissolver shown as 3 in 
FIG. 2. The resultant LiHCO solution (7.0–8.5 wt % 
LiHCO) is transferred on a continuous basis to a crystal 
lizer shown as 5 in FIG. 2 which is maintained at 70° C.-95 
C. to precipitate high purity lithium carbonate crystals and 
evolve carbon dioxide gas, which may be recycled into the 
process. Lower temperatures may be used in the dissolver 
shown as 3 in FIG. 2 to increase the lithium bicarbonate 
concentration per cycle for purification, thereby, increasing 
equipment throughput. 
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In the crystallizer shown as 5 in FIG. 2, high purity 
lithium carbonate crystals precipitate from the lithium bicar 
bonate Solution at the higher temperature and CO2 gas is 
evolved. The slurry is continuously removed and the lithium 
carbonate crystals are filtered hot and washed with Sodium 
free de-ionized water. The lithium carbonate mother liquor 
contains valuable soluble lithium and is recycled to the 
dissolver shown as 3 in FIG. 2 to minimize lithium loss. The 
Source of CO may be from the gas evolved in the 
crystallizer, from CO2 generated when reacting lithium 
carbonate with hydrochloric acid, or from a commercial CO2 
Source. Use of a commercial CO2 Source yields a Simplified 
process, and does not require Special added equipment to 
recover the CO2. Furthermore, no chemical reagents are 
required except for Sodium free deionized water. The tem 
perature differential between the dissolver shown as 3 in 
FIG. 2 and the crystallizer shown as 5 in FIG. 2 defines the 
throughput. 

The apparatus in FIG. 4 is now described in more detail. 
The dissolver/settler is preferably a cooled baffled reactor 
with a high height to diameter aspect ratio containing a gas 
disperse/mixer designed to completely absorb CO2 gas. The 
reactor preferably has a minimum active height of 8 feet. A 
Settler/decanter is incorporated to eliminate undissolved 
Solids from contaminating the clear LiHCO Solution being 
continuously removed from the dissolver. A baffle is pref 
erably placed below the decanter to prevent carbon dioxide 
gas from entering and incapacitating the Settler/decanter. 
The cool LiHCO Solution is polish filtered to remove 
insoluble impurities, then preheated with the recycled 
mother liquor in a heat eXchanger. A cartridge filter may be 
incorporated prior to the heat eXchanger to remove 
insolubles. The preheated LiHCO Solution is then pumped 
via a pump to a heated crystallizer where it is decomposed 
at between 70 and 95 C. to form low sodium lithium 
carbonate crystals, CO2 gas, and mother liquor. The mother 
liquor contains dissolved lithium carbonate and a Small 
amount of LiHCO. The mother liquor and CO2 are recycled 
back to the dissolver/settler reactor. Sodium is removed 
from the process using a mother liquor process bleed So that 
the mother liquor contains less than 500 ppm sodium. The 
lithium contained in the mother liquor bleed Stream is 
recovered by using the bleed Stream as part of the wash 
water used on the filtration equipment for producing tech 
nical grade lithium carbonate. The number of times the 
mother liquor is recycled is defined by the Sodium content 
and the degree of purification needed. 
AS an alternative to using a dissolver/settler for the 

conversion of chemical grade lithium carbonate to a 
LiHCO Solution is to employ, for example, a carbon diox 
ide absorption column such as shown in FIG. 5, a sieve tray 
column as shown in FIG. 6 or a Scheibel column commer 
cially available from Glitch Technology Corporation) such 
as shown in FIG. 7. 

Ultra high purity lithium can be produced by passing the 
LiHCO Solution through an ion exchange column prior to 
decomposing and recrystallizing the LiCO, to reduce total 
impurity content, preferably to less than 10 ppm. Of course, 
the brine may be passed through at any point during the 
process after the magnesium can calcium precipitation Steps 
to remove other impurities. In a preferred embodiment, 
Amberlite IRC-718 resin commercially available from 
Rohm and Haas is used in the column. Prior to use, it is 
preferred to remove Sodium from the Amberlite resin, e.g. by 
passing HCl through the column. A lithium hydroxide Solu 
tion is then run through the column to convert the resin to the 
lithium form. The lithium bicarbonate solution (7.5-8% 
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LiHCO) is then passed through the column, and the purified 
solution is heated to 95 C. to precipitate the lithium 
carbonate which is washed with 95 C. deionized water. The 
Solid is then dried to yield high purity lithium carbonate. 

Table 3 shows the typical content of the lithium carbon 
ates prepared by the processes of the invention: 

TABLE 3 

CHEMICAL COMPOSITION OF CHEMICAL, LOW SODIUM, 
AND HIGHPURITY LOWSODIUM LITHIUM CARBONATE 

Chemical Grade Low Sodium High Purity 

% LiCO, 99.38 O.O26 99.4 99.995 
% Mg O.OO4 O.OOO6 O.OOOS O.OOO2 O.OOOO1 
% Na O.069 O.OOS O.OOO2 O.OO1* O.OOO2 
% K 0.0003 - 0.00002 0.00015 + 0.0001 O.OOO15 
% Ca O.O14 O.OO1 O.O12 O.OO14 O.OOOO7 
% SO O.O37 O.OO3 O.OO3 to O.O37* O.OO3 
% B OOOO3 + O.OOOO1 &OOOO1 &O.OOO1 
% Cl O.O1 O.OO6 &O.OOS &O.OOS 
%. Al O.OOO7 O.OOO2 
% As O.OOO2 O.OOO1 
%. Fe O.OOOS O.OOO1 
% Sl O.OO76 O.OO1 O.OOO11 
% Zn. O.OOO1 OOOOOS OOOOO14 

*function of ion concentration in mother liquor recycle 

High purity lithium chloride can then be produced from 
the low Sodium lithium carbonate by conventional reaction 
in Solution with hydrochloric acid Such as used in the prior 
art, except that the hydrochloric acid must have a low 
Sodium content, e.g. 0.02 wt % Sodium or leSS Such that 
additional Sodium is not entered into the System as a 
contaminant. 

The lithium carbonate processes are described in more 
detail with respect to FIG. 1 and 2. 

Lithium Carbonate Process Flow Diagram A 
FIG. 1 shows that (1) solid soda ash is mixed with wash 

water filtrate (17) to make soda ash solution, SAS (2). In the 
first stage reactor raffinate 3 containing 6% lithium is mixed 
with SAS (2), mud from the direct chloride process (4) and 
mother liquor (5). This recovers the lithium entrained in the 
direct chloride muds, removes the magnesium and dilutes 
the lithium concentration to around 1%. 

(7) The MgCO mud (8) is separated from the brine and 
washed with mother liquor. The wash filtrate and the filtered 
brine are combined and sent to the Second stage reactor (12). 

(12) In the Second stage reactor, reagent (11) which is a 
combination of lime (9) and SAS (2) is added to precipitate 
Mg(OH) and CaCO (14) which are removed by filtration 
(13). 

(15) In the lithium carbonate reactor SAS (2) is added to 
precipitate lithium carbonate. The Solid is separated from the 
mother liquor by filtration (18). The mother liquor is 
recycled and excess is removed through (19). The lithium 
carbonate is washed with water (16) which is recycled 
through (17) and used in the production of SAS (2) 

(20) A portion of the wet lithium carbonate from the filter 
is sent to (B1) to be used in the production of low sodium 
lithium carbonate and the majority is sent to the dryer (21) 
and packaged as technical lithium carbonate (22). 

FIG. 2 

Low Sodium Lithium Carbonate Process Flow 
Diagram B 

(1) Wet lithium carbonate from (A20) is used as feed 
material. 
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(2) Lithium carbonate is mixed with the bicarbonate/ 
carbonate mother liquor recycle and fed into the lithium 
bicarbonate Sparger reactor (3). 

(3) Carbon dioxide gas is bubbled into the reactor where 
it reacts with the lithium carbonate forming lithium bicar 
bonate. 

Reaction #1: H.O.--CO+LiCO >2 LiHCO 
(4) Lithium bicarbonate solution is filtered to remove 

insoluble and un-reacted Small particles that are not removed 
by the settler. 

(5) Lithium bicarbonate solution is heated to 90" C to 
reverse Reaction #1 and precipitate purified lithium carbon 
ate. 

Reaction #2: 2 LiHCO->LiCO+CO+HO 
(6) Lithium carbonate is separated from mother liquor and 

washed with 90° C. deionized water from (7) on filter (6). 
(8) Lithium carbonate is packaged in maxi Sacks and 

Stored until processing in the direct lithium chloride plant at 
(C18) or dried to provide low sodium lithium carbonate. 

(9) Mother liquor from the bicarbonate/carbonate crystal 
lizer and wash water are recycled and a bleed (10) equal to 
the input wash is removed and used in the lithium carbonate 
plant product as wash water (A16). 

(11) Carbon dioxide gas used in the generation of lithium 
bicarbonate solution is recycled from the bicarbonate/ 
carbonate crystallizer and a make up Source (12) is used to 
compensate for System leaks and to keep a constant preSSure 
to the lithium bicarbonate Sparger reactor (3) 

(13) A heat exchanger is used to preheat the bicarbonate 
Solution prior to the precipitation tank and conserve System 
heat. 
To increase the rate of conversion of lithium carbonate to 

lithium bicarbonate, it is preferred to employ baffles and 
dual pusher propellers to maximize the time that a bubble of 
carbon dioxide remains in Solution. Increasing the height of 
the vessel also increases the residence time of the carbon 
dioxide. It was also discovered that using lithium carbonate 
with an average particle size of from about 75 to about 425 
microns, and preferably less than 250 microns, most pref 
erably about 425 microns, also increases conversion rates of 
lithium carbonate to lithium bicarbonate. 

It was also discovered that technical grade lithium chlo 
ride can be directly precipitated from the same Starting brine 
(about 6.0 wt % Li) used to prepare the low sodium lithium 
carbonate as described above. Thus, the process of the 
present invention produces a technical grade of lithium 
chloride product that is made directly from concentrated 
natural brine containing essentially 6 wt % lithium from 
which boron has been removed by the described extraction 
process of Brown and Boryta (U.S. Pat. No. 5,219,550). The 
lithium chloride produced by this process is essentially 
higher in purity with respect to Sodium and calcium content. 
Using quicklime (CaO) instead of slaked lime (Ca(OH)) to 
precipitate magnesium as a double Salt gives better filtration 
properties and improved lithium yield as concentrated brine 
than what can be achieved using the Chilean Pat. application 
550-95. Brine concentrated to lower lithium concentrations 
may also be treated by this method. However, the magne 
sium to lithium ratio is minimized when the concentration of 
lithium can be increased to approach the endpoint concen 
tration of the system, i.e., 6 wt % Li, 1.7 wt % Mg, thereby 
minimizing the amount of magnesium the has to be 
removed. 

The process involves removing the magnesium from the 
brine as a double Salt using excess quick lime (CaO), 
Separating the magnesium and calcium muds by filtration, 
cooling the filtered brine to reduce the Sodium by precipi 
tating Sodium chloride, Separating the Sodium chloride Sol 
ids by filtration, diluting the filtered brine slightly (to 29% 
LiCi) and treating the filtered brine with oxalate (oxalic 
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12 
acid) and barium (barium chloride) to remove precipitate 
calcium oxalate and barium Sulfate, and Subsequently crys 
tallizing lithium chloride directly from the purified brine, 
e.g. in a vacuum crystallizer. The process may utilize the 
mother liquor produced in the proceSS for preparing lithium 
carbonate as shown in FIG. 1 to recover the lithium lost to 
the magnesium removal Step as described above. The use of 
lithium carbonate mother liquor improves the overall recov 
ery of lithium as commercial products. 
The process eliminates the need for using hydrochloric 

acid to produce lithium chloride from lithium carbonate 
and/or the LiOHHO as in the processes of the prior art. The 
resultant chemical grade lithium chloride process of the 
invention application has essentially 5 major Steps described 
as follows: 
1) Preparation of a low boron aqueous Solution from natural 

brine and concentrating to a lithium content of about 6 wt 
%; 

2) Removing magnesium and calcium by precipitation and 
filtration. 

3) Cooling the brine to reduce the Sodium content; 
4) Adding oxalate and barium to remove calcium and 

Sulfate, and 
5) Direct crystallization of lithium chloride. 
The 6 wt % lithium brine is prepared as described above, 

e.g. by Solar evaporation. The purification of the boron free 
concentrated brine containing essentially 6 wt % lithium is 
described in more detail as follows: 
Magnesium is removed from the brine by adding enough 

quick lime to form magnesium and a calcium insoluble 
double Salts. The use of quick lime instead of Slaked lime 
improves the filterability of the magnesium/calcium con 
taining muds and improves the overall brine yield containing 
lithium, according to the follow reaction which occurs in 
lithium concentrated brine at Ca(OH)/Mg mole ratio from 
2-3: 

18 Ca(OH)2 +10 MgCl2 +0.5 H2O, 
Mg(OH)CL-0.5 HO+18 CaClOH soli 

The filtration properties and lithium yield as brine 
improves Substantially using quicklime (CaO) compared to 
slaked lime (Ca(OH)). In order to maintain the calcium 
insoluble, the Ca to Mg mole ratio for quick lime addition 
is preferably between 3 and 4 and the reaction is set forth 
below: 

18 CaO,th-10 MgCl2 th9.5 H2On 18 CaClOH,-- 
Mgo(OH)1sCl20.5H2O,ti 

Regardless of whether quick lime or Slaked lime is used, 
the proceSS is typically conducted at temperatures ranging 
from about 25 C. to about 120° C. If filtration becomes a 
production rate controlling variable, then the temperature 
may be increased to precipitate both magnesium and cal 
Cl 

The final pH of the brine after completion of the reaction 
generally ranges from about 9.5 to about 12.0 measured at 
1:10 dilution with water. 

ExceSS Slaked lime or additional reaction time may be 
used as a process control. 

In a preferred embodiment, lithium lost to the lithium 
chloride magnesium purification Solids may be recovered by 
re-Slurrying these muds in the reactor for precipitating 
magnesium carbonate in the lithium carbonate process. 
Compared to the magnesium removal Steps described 

above for preparation of lithium carbonate (FIG. 1 (6)), an 
overall increase in lithium yield may be obtained for this 
purification Step by adding magnesium and calcium double 
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salt purification muds (FIG. 1 (4)) from the direct lithium 
chloride process. 
Sodium may be removed to acceptable levels by either 

cooling before or after magnesium removal. However, cool 
ing before magnesium removal also salts out LiClHO 
because the brine is Saturated with respect to lithium chlo 
ride and magnesium chloride. To overcome the loss of 
lithium, an extra filtration Step may be used to recover the 
lithium precipitated followed by recycling the LiClHO 
Salt. 

In a preferred embodiment, magnesium is removed first 
by addition of lime followed by cooling the brine containing 
6%. Li to -15 C. to -20° C., reducing the sodium to less 
than 0.05 wt % Sodium in the brine. This level of Sodium is 
low enough for producing a chemical grade of lithium 
chloride crystal that can be used as feed Salt to produce 
lithium metal containing less than 1% Na. 

Removal of magnesium prior to cooling in essence pro 
duces a dilute brine with respect to lithium chloride, thereby 
Substantially eliminating a lithium loSS at this point in the 
process. A Substantial portion of the calcium concentration 
in the brine when magnesium is removed is initially con 
trolled by the quicklime addition in excess of a Ca/Mg mole 
ratio of 3, or by adjusting the pH above 11 by adding quick 
lime. 
Removing the remaining calcium as insoluble calcium 

oxalate and sulfate as barium sulfate by the addition of 
Oxalic acid and barium chloride, respectively, may be done 
in the same reactor with a Single filtration Step. Lithium 
oxalate and barium chloride are preferred Salts for the 
precipitation Step, although otherS may be used. Removal of 
calcium and sulfate may be done either before or after the 
Sodium removal step. The brine is preferably diluted to 
between 29 and 33 wt % lithium chloride for this step. 
Therefore, it is preferred to conduct this purification step 
after the Sodium removal. 

In preferred embodiments, the calcium/sulfate removal is 
conducted by first lowering pH to about 10.0 by addition of 
concentrated HCl, and then adjusting the calcium concen 
tration to 500 ppm by the addition of calcium chloride. The 
pH of the brine is then adjusted to a pH of between 7.0 and 
4.0. 

In a particularly preferred embodiment, a Solution of 
lithium oxalate is added to the brine at a ratio of 1.5 moles 
lithium oxalate to 1.0 mole calcium. Barium chloride is 
added at a 1:1 molar ratio to precipitate the Sulfate. The brine 
is mixed and allowed to react for between 4 to 24 hours. 

Preferably, the lithium oxalate is added first, the reaction 
allowed to continue for about 4 hours. Then the pH is 
adjusted to about 7.0, and the barium chloride is then added 
to precipitate the sulfate as barium sulfate. The filtered 
lithium chloride solution will then be ready for the crystal 
lizer. 

The final brine is evaporated to dryness to recover the 
lithium chloride. Alternatively, the brine can be used as a 
crystallizer feed brine to precipitate anhydrous lithium chlo 
ride. 
To produce anhydrous lithium chloride from solution, it is 

preferred to conduct the crystallization in an evaporation 
crystallizer operating at a temperature above 110° C. If 
impurities reach unacceptable concentrations, the crystal 
lizer Solution may be returned to the purification Steps for 
adjustment. 
An example of the lithium chloride purity produced by the 

above process is as follows: 

LiCl 99.0 wt % 
0.09-0.11 wt % 
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-continued 

Ca 0.0015-0.003 wt % 
Mg <0.0003 wt % 
Ba O.OO7 wt % 
SO O.OO7 wt % 
Si 0.004 wt % 

The direct lithium chloride process is now described in 
more detail below with respect to FIG. 3. (1) CaO and low 
boron raffinate feed containing 6% lithium(2) are fed into the 
liming tank (3) where they are mixed at a weight ratio of 
15% lime to brine, they are mixed until a pH greater than 
11.0 as measured on a filtered sample diluted 1:10 with 
Water. 

(4) The slurry produced in the liming tank is filtered to 
Separate the magnesium free brine from the Ca/Mg mud. 
The brine is sent to the filtrate tank (6) and the mud is sent 
to the muds tank (5) where it can be slurried and pumped to 
the lithium carbonate plant (A4 in FIG. 1) for recovering the 
entrained lithium in the first Stage of the lithium carbonate 
plant (shown in FIG. 1 as 6). 

(7) The magnesium free brine is fed into the cooling 
reactor to precipitate Sodium chloride to acceptable levels 
and is filtered at temperature in (8). The solids (9) are sent 
to waste or for lithium recovery in the carbonate plant. The 
low sodium brine is sent to the purification tank (10). 

(10) In the purification tank water is added to dilute the 
magnesium free low sodium brine to 33% lithium chloride, 
HCl is added to adjust the pH to 4.0 and barium chloride is 
added to precipitate barium sulfate from the brine. The pH 
is raised to 10.0 with lithium hydroxide monohydrate and 
lithium oxalate is added to precipitate calcium oxalate. 

(12) The solution is filtered to remove the barium sulfate 
and calcium oxalate Solids and is sent to the adjustment tank 
(13) for a final pH adjustment to 7.0 for feed to the 
crystallizer (14) and dryer (15) to produce anhydrous tech 
nical lithium chloride (17) 

(16) An optional pure lithium chloride wash Solution can 
be employed to reduce potassium levels for technical lithium 
chloride 

(18) Low sodium lithium carbonate from (FIG. 2 B8) is 
reacted with hydrochloric acid to produce a high purity 
lithium chloride solution, which is fed into the purification 
tank (10) and treated for sulfate and calcium as before to 
produce battery grade anhydrous lithium chloride. 

Other facets of the invention will be clear to the skilled 
artisan, and need not be set out here. The terms and 
expression which have been employed are used as terms of 
description and not of limitation, and there is no intention in 
the use of Such terms and expression of eXcluding any 
equivalents of the features shown and described or portions 
thereof, it being recognized that various modifications are 
possible within the scope of the invention. 

It is claimed: 
1. A process for the direct recovery of lithium chloride 

from brine comprising: 
preparing a brine containing about 6.0 wt % lithium, and 

further containing magnesium, calcium and Sulfate; 
adding CaO or Ca(OH) to the brine to coprecipitate 

magnesium and calcium; 
adding oxalate to remove remaining calcium by precipi 

tating calcium oxalate; 
adding barium to remove Sulfate by precipitating barium 

Sulfate; 
adjusting the final pH of the brine to about 7.0 to 

precipitate lithium chloride. 

k k k k k 
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