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(57) Abstract: The present invention re

[Fig. 1] lates to a method of economical extrac
tion of magnesium, boron and calcium,
while minimizing the loss of lithium,
from a lithium bearing solution. More
specifically, the present invention pro
vides a method for economical extraction
of magnesium, boron, and calcium, while
minimizing the loss of lithium, from a
lithium bearing solution comprising the
steps of: (a) adding an alkali in the lith i
um bearing solution to precipitate mag
nesium hydroxide; (b) absorbing boron
ions on the surface of the magnesium hy
droxide by adjusting the pH to about 8.5
to about 10.5; and (c) simultaneously ex
tracting magnesium and boron by filter

< o ing the magnesium hydroxide absorbed
with the boron ions from the lithium
bearing solution.
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Description
Title of Invention: METHOD FOR ECONOMICAL EX¬

TRACTION OF MAGNESIUM,BORON AND CALCIUM FROM

LITHIUM BEARING SOLUTION
Technical Field

[1] According to one embodiment of the present invention, a method of extracting

magnesium, boron and calcium included in a lithium bearing solution to produce a

high purity lithium compound is provided. The method minimizes the lithium loss

from the lithium bearing solution and allows effective utilization of the extracted

magnesium, boron and calcium.

Background Art
[2] The application of lithium currently extends to diverse industries,including the

rechargeable battery, glass, ceramic, alloy, lubricant, and pharmaceutical industries.

The lithium rechargeable battery has recently been receiving attention as a main power

source for hybrid and electric cars, and the market for lithium rechargeable batteries

for cars is expected to continue growing to approximately one-hundred times the con

ventional compact battery markets for cell phones and notebooks.

[3]

[4] In addition, a global movement towards more stringent environmental regulations is

likely to expand the application of lithium to not only the hybrid and electric car in

dustries, but to the electrical, chemical and energy fields as well. Thus, a dramatic

increase of both domestic and foreign demand for lithium is expected.

[5]

[6] Some notable main sources for the lithium could be brine containing lithium

produced innature, and a lithium bearing solution supplied from minerals possessing

lithium. Such lithium bearing solution, however, contains a substantial amount of im

purities, including magnesium, boron and calcium. The extraction of the impurities in

advance is considered to be a critical process in order to obtain high purity lithium

necessary for preparing a lithium rechargeable battery.

[7]

[8] Conventionally, after absorbed on a boron- selective ion exchange resin containing a

N-methylglucamine functional group, the boron ionsincluded in a lithium bearing

solution are extracted by washing with an acid solution for desorption. The magnesium

and calcium ions included in the lithium bearing solution areextracted by adding alkali

and precipitating in the form of magnesium hydroxide and calcium hydroxide.



Such method, however, is not suitable for extracting the boron from the lithium

bearing solution,because a relatively expensive ion-exchange resin and usage of a

variety of chemicals (e.g., substantial amounts of an acid and a base) in the

management of the boron-extracting process are required. Further, the loss of lithium is

likely to be substantial because the addition of excessive alkali elevates the pH of the

lithium bearing solution, which, in turn, causes a negative charge to be built up on the

surface of the precipitated magnesium hydroxide and calcium hydroxide, and thus the

absorption of positive lithium ions. As a result, the extraction of lithium along with the

impurities cannot be avoided.

U.S. Pat. No. 5,219,550 describes a method of eliminating impurities by extracting

magnesium and calcium from the brine after the extraction of boron in an organic

phase by mixing an organic solvent with lithium bearing brine at a volume ratio from

1:1 to 5:1. This complicated process, however, has some drawbacks, namely envi

ronmental pollution caused by using the organic solvent and a substantial loss of

lithium due to the uncontrolled pH.

Disclosure of Invention

Technical Problem
In accordance with an embodiment of the present invention, a method of economical

extraction of magnesium, boron, and calcium from a lithium bearing solution, while

minimizing the loss of lithium, to produce a high purity lithium compound is provided.

Solution to Problem
In accordance with an embodiment of the present invention, it is provided a method

for economical extraction of magnesium, boron, and calcium included in a lithium

bearing solution comprising the steps of: (a) adding an alkali in the lithium bearing

solution to precipitate magnesium hydroxide; (b) absorbing boron ions on the surface

of the magnesium hydroxide by adjusting the pH to about 8.5 to about 10.5; and (c) si

multaneously extracting magnesium and boron by filtering the magnesium hydroxide

absorbed with the boron ions from the lithium bearing solution.

In one embodiment of the present invention, the method may further comprise a step

of (d) precipitating calcium hydroxide or calcium carbonate by adding an alkali or a

carbonate or a mixture thereof in the lithium bearing solution from which magnesium

and boron are extracted.

In one embodiment of the present invention, the steps from (a) to (c) may be repeated

at least twice.



[20] In one embodiment of the present invention, the step (b) may involve minimizing the

loss of lithium by positively charging the surface charge of the magnesium hydroxide,

which allows the absorbance of boron ions having a negative charge to the surface of

magnesium hydroxide to prevent the absorbance of positively charged lithium ions.

[21]

[22] In one embodiment of the present invention, the alkali added to the step (a) or step

(d) may be one selected from the group consisting of NaOH, Ca(OH)2, NH4OH, R 4

NOH · 5H20 and a mixture thereof, wherein R is independently a C1-C10 alkyl group.

[23]

[24] In another embodiment of the present invention, the carbonate added in the step (d)

may be one selected from the group consisting of Na2C0 3, K2C0 3, and a mixture

thereof.

[25]

[26] In another embodiment of the present invention, the pH of the lithium bearing

solution of the step (d) may be adjusted to 12 or higher.

[27]

[28] In yet another embodiment of the present invention, a step of extracting calcium by

filtering the precipitated calcium hydroxide or calcium carbonate may be further

included.

Advantageous Effects of Invention
[29] In accordance with an embodiment of the present invention, the loss of lithium when

extracting the impurities including magnesium, boron, and calcium contained in the

lithium bearing solution can be minimized, and the extraction may be performed in a

cost-effective manner without utilizing an expensive ion-exchange resin.

Brief Description of Drawings
[30] FIG. 1 is a graph depicting the surface charge change of magnesium hydroxide

according to the pH of the lithium bearing solution.

[31]

[32] FIG. 2 is a graph depicting the concentration change of magnesium ions in the filtrate

relative to the NaOH addition amount.

[33]

[34] FIG. 3 is a graph depicting the concentration change of boron ions in the filtrate

relative to the NaOH addition amount.

[35]

[36] FIG. 4 is a graph depicting the concentration change of lithium ions in the filtrate

relative to the NaOH addition amount.



[37]

[38] FIG. 5 is a graph depicting the concentration change of calcium ions in the filtrate

relative to the NaOH addition amount.

[39]

[40] FIG. 6 relates to a flowchart showing a methodof economical extraction of

magnesium, boron and calcium from the lithium bearing solution according to one em

bodiment of the present invention.

[41]

Mode for the Invention
[42] The features of one embodiment of the present invention will be described in more

detail with reference to the figures as follows.

[43]

[44] In accordance with an embodiment of the present invention, a method of economical

extraction of magnesium, boron, and calcium from a lithium bearing solution, while

minimizing the loss of lithium, to produce a high purity lithium compound is provided.

The method comprises the steps of absorbing boron ions contained in the lithium

bearing solution to the positively charged surface of magnesium hydroxide via pH ad

justment to simultaneously extractmagnesium and boron, and adding an alkali or a

carbonate to the filtered lithium bearing solution to precipitate calcium hydroxide from

calcium.

[45]

[46] The step (a) of the present invention involves adding an alkali selected from the

group consisting of NaOH, Ca(OH) 2, NH4OH, R4NOH · 5H20 and a mixture thereof in

the lithium bearing solution to precipitate magnesium hydroxide from magnesium

existing in the lithium bearing solution, wherein R is independently a C I-CIO alkyl

group such as methyl, ethyl, propyl or butyl. In other words, in order to raisethe pH of

the lithium bearing solution, the magnesium ions existing in a dissolved state are pre

cipitated into a magnesium hydroxide by the addition of the alkali.

[47]

[48] The alkali includes a hydroxide negative ion. The positive ion of the alkali, which

may be an environmental-friendly material, may have a very high solubility with

respect to the lithium bearing solution. If the solubility of the positive ion is low, the

alkali may be mixed with either the extracted magnesium or boron, which may sub

sequently require an additional separation process.

[49]

[50] Further, the step (b) involves absorbing boron ions on the surface of the magnesium

hydroxide by adjusting the pH of the lithium bearing solution from which the



magnesium hydroxide is precipitated to about 8.5 to about 10.5.

[51]

[52] According to one embodiment of the present invention, in order to simultaneously

extract magnesium and boron from the lithium bearing solution, the surface charge of

the magnesium hydroxide is utilized. In general, the surface charge of the magnesium

hydroxide is greatly influenced by the pH of the solution. When the surface charge of

the magnesium hydroxide is positive, the boron ions existing in the form of a negative

ion,such as H2B0 3 or HB0 3
2 are absorbed onthe magnesium hydroxide, and the

magnesium and boron dissolved in the lithium bearing solution can be removed by si

multaneous extraction. When the surface charge of the magnesium hydroxide is

negative, however, the negatively charged boron ions arenot absorbed on the

magnesium hydroxide.

[53]

[54] It is preferable to adjust the pH of the lithium bearing solution from which the

magnesium hydroxide is precipitated to about 8.5 to about 10.5. If the pH is below 8.5,

the removal efficiency of magnesium will decline because a relatively low pH results

in an insufficient amount of precipitated magnesium hydroxide from magnesium ions

dissolved in the lithium bearing solution. On the other hand, if the pH exceeds 10.5, as

seen in FIG. 1, the surface charge of magnesium hydroxide would be negative -

lycharged, and the boron ions cannot be absorbed thereon. Consequently, the ab-

sorbance of positively charged lithium ions will lead to a substantial loss of lithium.

[55]

[56] In order to maintain the pH level mentioned above, the alkali may be added to the

lithium bearing solution in phases. In this case, the magnesium hydroxide production

rate as well as pH change rate can be controlled by alkali addition.

[57]

[58] After absorbing the boron ions on the surface of themagnesium hydroxide, the step

(c) involving a simultaneous extraction of magnesium and boron by filtering the

magnesium hydroxide absorbed with the boron ions from the lithium bearing solution

may be performed. In other words, the filtration step is performed to separate the

lithium bearing solution from the precipitated magnesium hydroxide absorbed with the

boron ions. This allows the extraction of magnesium and boron, and the remaining

filtrated lithium bearing solution is obtained.

[59]

[60] It is preferableto repeatedly perform the steps (a) to (c) at least twice, more

specifically two or three times, prior to performing the step (d). If the steps from (a) to

(c) are performed only once to simultaneously extract the magnesium and boron, the

extraction efficiency of magnesium or boron would be lower due to an excess addition



of the alkali and difficulty in controlling the pH.

[61]

[62] The step (d) involves precipitating insoluble calcium such as a calcium hydroxide or

a calcium carbonate from calcium by adding an alkali or a carbonate or a mixture

thereof in the lithium bearing solution from which magnesium and boron are extracted.

In order to extract the most calcium ions included in the lithium bearing solution, the

pH is preferably maintained to be at least 12.

[63]

[64] Since OH- supplied from the addition of the alkali is used up inthe production of

calcium hydroxide, a significant amount of alkali is added in order to maintain the pH

level of the lithium bearing solution to be at least 12. When the calcium carbonate is

added alone or in combination with the alkali, the pH could be economically

maintained at at least 12 even if the amount of alkali could be relatively reduced.

[65]

[66] The alkali is selected from the group consisting of NaOH, Ca(OH)2, NH4OH, R 4

NOH · 5H20 and amixture thereof, wherein R is independently a CI-CIO alkyl group

such as methyl, ethyl, propyl or butyl. The carbonate is selected from the group having

high solubility consisting of Na2C0 3, K2C0 3, and a mixture thereof. The alkali or the

carbonate precipitates calcium carbonate or calcium hydroxide from calcium.

[67]

[68] According to another embodiment of the present invention, a step of extracting

calcium by filtering the precipitated calcium hydroxide or calcium carbonate may be

further included. Such step can be performed according a well-known method in the

art.

[69]

[70] The present invention is further illustrated by the following examples, although the

following examples relate to preferred embodiments and are not to be construed as

limiting on the scope of the invention.

[71]

[72] [Example 1]

[73] NaOH was added to a lithium bearing solution containing magnesium

ions20,000ppm, boron ions 900ppm, calcium ions 350ppm, and lithium ions900ppm to

precipitate magnesium hydroxide. While adjusting the pH of the lithium bearing

solution, the surface chargeof the precipitated magnesium hydroxide was measured.

The results are shown in FIG. 1.

[74]

[75] As shown in FIG. 1, the surface charge of the magnesium hydroxide was maintained

with a positive charge when the pH range of the lithiumbearing solution from which



the magnesium hydroxide was precipitated was between 8.5 and 10.5. Accordingly, the

boron ions with a negative charge wereeasily absorbed, and the positively charged

lithium ions were prevented from being absorbed. This minimized the loss of lithium,

and efficiently extracted both magnesium and boron at the same time.

[76]

[77] [Example 2]

[78] Various amounts of NaOH were added to a lithium bearing solution containing

magnesium ions 20,000ppm, boron ions 900ppm, calcium ions 350ppm, and lithium

ions900ppm to precipitate magnesium hydroxide. The pH of the lithium bearing

solution from which the magnesium hydroxide was precipitated was altered. Sub

sequently, a filtration was performed to separate the precipitated magnesium hydroxide

from the lithium bearing solution. The filtrate was collected to measure the amount of

magnesium, boron and lithium. The results are shown in FIGs. 2, 3, and 4, re

spectively.

[79]

[80] As shown in FIG. 2, an increase in the amount of NaOH added had no significant

impact on the pH of the lithium bearing solution in the beginning, because OH ion was

used for the production of magnesium hydroxide. However, a continuous increase in

the amount of NaOH gradually decreased the magnesium amount in the filtrate, and as

the OH ion increased, the amount of magnesium decreasedto 4ppm once the pH of the

lithium bearing solution reached 9.8. This indicatedthat 99.8% of the magnesium ions

dissolved in the lithium bearing solution wereextracted.

[81]

[82] In addition, as shown in FIG. 3, the amount of boron ionsdissolved in the lithium

bearing solution initially decreased as the amount of NaOH added increased. This may

be explained by the fact that the pH change could be insignificantly affected by the

addition of NaOH in the beginning, and the surface charge of the magnesium

hydroxide precipitated from the lithium bearing solution having a pH value of 10.5 or

lower had a positive charge. Thus, the negatively charged boron ions present in the

filtrate wereprecipitated while adsorbed on the surface of the magnesium hydroxide.

[83]

[84] As seen in FIG. 4, the amount of lithum ions present in the filtrate wereinitially not

influenced by the added amount of NaOH. This could be explained by the fact that the

positively charged lithium ions existing in the lithium bearing solution were not

absorbed to the magnesium hydroxide because the surface charge of magnesium

hydroxide had a positive charge in the beginning.

[85]

[86] If an excessive amount of NaOH was added, however, the pH of the lithium bearing



solution surpassed 10.5. Then, the surface charge of the magnesium hydroxide was

converted to a negative charge and the negatively charged boron ions were not

absorbed to the surface. Consequently, the concentration of boron ions existing in the

filtrate dramatically increased. On the contrary, the concentration of positively charged

lithium ionsexisting in the filtrate rapidly decreased as the lithium ions were absorbed

to the surface of the magnesium hydroxide.

[87]

[88] Accordingly, these results indicated that the added amount of alkali must be

controlled to maintain the pH of the lithium bearing solution to be between 8.5 and

10.5 in order to extract magnesium and boron, while minimizing the loss of lithium

from the lithium bearing solution.

[89]

[90] [Example 3]

[91] Various amounts of NaOH were added to a lithium bearing solution containing

magnesium ions 20,000ppm, boron ions900ppm, calcium ions 350ppm, and lithium

ions 900ppm to precipitate calcium hydroxide from the solution containing calcium

ions. A filtration was performed to separate the precipitated calcium hydroxide from

the lithium bearing solution. The resulting filtrate was collected to measure the amount

of calcium. The result is shown in FIG 5.

[92]

[93] As shown in FIG. 5, as the added amount of NaOH increased, the amount of calcium

in the filtrate gradually decreased. When the pH of the lithium bearing solution reached

12, the amount of calcium was reduced to be 6.5ppm, and 98% of the calcium ions

dissolved in the lithium bearing solution was extracted. Accordingly, it is necessary to

increase the pH of the lithium bearing solution to be at least 12 in order to enhance the

extract yield of the calcium ions from the lithium bearing solution.

[94]

[95] However, when the pH of the lithium bearing solution was prematurely adjusted to

be at least 12 in the beginning, the surface charge of the precipitated magnesium

hydroxide had a negative charge. This preventedthe absorbance of the boron ions and

caused the loss of lithium due to the absorbance of positively charged lithium ions.

Prior to extracting calcium by adding alkali, the pH of the lithium bearing solution was

adjusted to be between 8.5 and 10.5 so that the magnesium hydroxide having a positive

charge was precipitated to prevent the absorbance of the lithium ions. Once the boron

ions wereabsorbed, the simultaneous extraction of magnesium and boron was

performed. Then, the pH of the lithium bearing solution from which magnesium and

boron were extracted wasadjusted to be at least 12 to precipitate the calcium hydroxide

from the solution containing calcium ions.



Consequently, the magnesium hydroxide absorbed with the boron ions was extracted

from the lithium bearing solution, and subsequently filtrated for its removal. Then, the

pH of the lithium bearing solution was elevated to be at least 12 by adding an alkali or

a carbonate into the remaining lithium bearing solution to extract calcium hydroxide.

This allowed the preparation of a high purity lithium compound by economically ex

tracting magnesium, boron and calcium from the lithium bearing solution.

In the foregoing specification, specific embodiments of the present invention have

been described. However, one of ordinary skill in the art will appreciate that various

modifications and changes can be made without departing from the spirit and scope of

the present invention as set forth in the various embodiments discussed above. A c

cordingly, the specification and figures are to be regarded in an illustrative rather than

a restrictive sense, and all such modifications are intended to be included within the

scope of present invention. The benefits, advantages, solutions to problems, and any

element(s) that may cause any benefit, advantage, or solution to occur or become more

pronounced are not to be construed as a critical, required, or essential features or

elements as described herein.
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Claims
A method of economical extraction of magnesium, boron, and calcium

from a lithium bearing solution comprising the steps of:

(a) adding analkali in the lithium bearing solution to precipitate

magnesium hydroxide;

(b) absorbing boron ionson the surface of the magnesium hydroxide by

adjusting the pH to about 8.5 to about 10.5; and

(c) simultaneously extracting magnesium and boron by filtering the

magnesium hydroxide absorbed with the boron ions from the lithium

bearing solution.

(d) precipitating calcium hydroxide or calcium carbonate by adding an

alkali or a carbonate or mixture thereof in the lithium bearing solution

of step (c).

The method of claim 1, further comprising a step (d) of precipitating

calcium hydroxide or calcium carbonate by adding an alkali or a

carbonate or a mixture thereof in the lithium bearing solution from

which magnesium and boron are extracted.

The method of claim 1, wherein the steps from (a) to (c) are repeated at

least twice.

The method of claim 1 or 2, wherein the loss of lithium is minimized

by positively charging the surface charge of the magnesium hydroxide,

which allows the absorbance of boron ions having a negative charge to

the surface of magnesium hydroxide to prevent the absorbance of

positively charged lithium ions.

The method of claim 1 or 2, wherein the alkali added to the step (a) or

step (d) isone selected from the group consisting of NaOH, Ca(OH) 2,

NH4OH, R4NOH · 5H20 and a mixture thereof, wherein R is inde

pendently a C1-C10 alkyl group.

The method of claim 1 or 2, wherein the carbonate added in the step (d)

isone selected from the group consisting of Na2C0 3, K2C0 3, and a

mixture thereof.

The method of claim 2, wherein the pH of the lithium bearing solution

of the step (d) is adjusted to 12 or higher.

The method of claim 2, further comprising a step of extracting calcium

by filtering the precipitated calcium hydroxide or calcium carbonate.
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