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calcium, the gas passing through the mixed solution is 
condensed, and the organic solvent component is collected. 

[6] The method for processing a fluorine-containing elec­

trolyte solution according to [1] or [2] described above, in 

which the gas in which the volatile component of the 

electrolyte solution is gasified is introduced to a dry pro­

cessing step, and in the dry processing step, the gasification 

gas passes through a filling layer of the calcium compound, 

fluorine in the gas reacts with calcium, calcium fluoride is 

generated, the gas passing through the filling layer is con- 10 

<lensed, and the organic solvent component is collected. 

[7] The method for processing a fluorine-containing elec­

trolyte solution according to any one of [3] to [6] described 

above, in which the electrolyte solution is heated at 80° C. 

to 150° C. under reduced pressure of 5 kPa to ordinary 
15 

pressure, the volatile component is gasified, and the gasified 

gas is introduced to the wet processing step or the dry 

processing step. 

[8] The method for processing a fluorine-containing elec-
20 

trolyte solution according to [1] described above, in which 

the electrolyte solution is heated at 80° C. to 150° C. under 

reduced pressure of less than or equal to 1 kPa, the volatile 

component is gasified, and the gasified gas is introduced to 

4 

A method for processing a fluorine-containing electrolyte 

solution of the present invention includes, a gasification step 

of gasifying a volatile component of the electrolyte solution 

including a fluorine compound by heating the electrolyte 

solution under reduced pressure; a fluorine immobilization 

step of immobilizing the fluorine component included in the 

gasified gas as calcium fluoride by allowing the fluorine 

component to react with calcium; and an organic solvent 

component collection step of collecting an organic solvent 

component in the gasification gas. 

In the electrolyte solution used in a lithium ion battery or 

the like, a fluorine compound of the electrolyte and an 

organic solvent are included. The fluorine compound is 

mainly lithium hexafluorophosphate (LiPF 6), and the

organic solvent is ester carbonates such as dimethyl carbon-

ate (DMC), ethyl methyl carbonate (EMC), diethyl carbon­

ate (DEC), propylene carbonate (PC), and ethylene carbon­

ate (EC). Among them, DMC is a flammable substance 

classified as Japan Fire Service Act (iv) Class I petroleum, 

and EMC and DEC are flammable substances classified as 

Japan Fire Service Act (iv) Class II petroleums. 

In this processing method, in order to take the electrolyte 
a dry processing step. 

[9] The method for processing a fluorine-containing elec­

trolyte solution according to any one of [1] to [8] described 

above, in which calcium fluoride is collected and recycled, 

and the collected organic solvent component is used as fuel 

or alternative fuel. 

25 solution out of the lithium ion battery safely, after the used 

lithium ion battery is discharged, a packaging sheet is peeled 

off, and the electrolyte solution is depressurized and gasified 

by using a safety valve. In the lithium ion battery, a safety 

30 
valve for decreasing an excessive internal pressure of the 

battery is disposed. As illustrated in FIG. 1, the safety valve 

is opened and a pipe passage 12 is connected to an opening 

11. The volatile component of the electrolyte solution is

[10] The method for processing a fluorine-containing

electrolyte solution according to any one of [1] to [9] 

described above, in which a pipe passage is connected to an 

opening portion of a used battery which includes the elec­

trolyte solution including the fluorine compound, the used 
35 

battery is heated under reduced pressure, the volatile com­

ponent of the electrolyte solution is gasified, and the gasified 

gas is introduced to the fluorine immobilization step and the 

organic solvent collection step through the pipe passage and 
40 

is processed. 

[ 11] The method for processing a fluorine-containing

electrolyte solution according to [10] described above, in 

which a safety valve of the used lithium ion battery is 

opened, the pipe passage is connected to the opening, and 45 

the volatile component of the electrolyte solution is gasified 

by heating the battery under reduced pressure. 

[12] The method for processing a fluorine-containing

electrolyte solution according to [10] described above, in 
50 

which a safety valve of a plurality of used lithium ion 

batteries is opened, the batteries are contained in a hermetic 

container, the pipe passage is connected to the container, and 

gasified by heating the battery under reduced pressure, and 

thus the generated gas is introduced to a processing step

through the pipe passage 12.

[Gasification Step] 

Among the organic solvent included in the electrolyte 

solution, a boiling point of DMC is 90° C., a boiling point 

of EMC is 109° C., a boiling point of DEC is 127° C., a 

boiling point of PC is 240° C., and a boiling point of EC is 

244° C. The volatile component (DMC, EMC, DEC, PC, 

EC, or the like) is gasified by heating the electrolyte solution 

to a temperature higher than these boiling points. LiPF 6 is 

decomposed by heating or hydrolysis, and thus the fluorine 

component is gasified. 

Specifically, each electrolyte solution at 0° C., 10° C., 20° 

C., 80° C., and 150° C. under atmospheric pressure (101.3 

kPa) is in a state of an atmospheric pressure conversion 

temperature shown in Table 1 under reduced pressure con­

ditions of 15 kPa, 10 kPa, 5 kPa, 1 kPa, and 0.1 kPa. 

Accordingly, under the reduced pressure conditions which the volatile component of the electrolyte solution is gasified 

by heating the batteries under reduced pressure. 

[13] The method for processing a fluorine-containing

electrolyte solution according to [2] described above, in 

which an amount of the water or the aqueous mineral acid 

solution which is added to the electrolyte solution is 5% to 

55 are selected, the electrolyte solution is heated such that the 

atmospheric pressure conversion temperature of the electro­

lyte solution, for example, is higher than or equal to 244° C., 

and thus it is possible to volatilize DMC, EMC, DEC, PC, 

60 
20% with respect to a weight of the electrolyte solution. 

DESCRIPTION OF EMBODIMENTS 

Hereinafter, the present invention will be specifically 65 

described. Furthermore, "%" described later indicates "mass 

%". 

EC, or the like. 

For example, when the inside of the battery is depressur­

ized to be 5 kPa and is heated at 80° C. to 150° C., the 

electrolyte solution is in a state of 170° C. to 251 ° C. at the 

atmospheric pressure conversion temperature, and thus 

DMC, EMC, DEC, PC, and EC included in the electrolyte 

solution, and the thermally decomposed fluorine compound 

are able to be volatilized. Furthermore, the inside of the 
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firmed that the collected precipitate was calcium fluoride. 

The collected amount of calcium fluoride was 19 g, and the 

purity thereof was 88%. It was found that the calcium 

fluoride was able to be used as the hydrofluoric acid manu­

facturing raw material. The organic phase was analyzed, and 

the components of the solution were DMC, EMC, DEC, and 

EC. 

EXAMPLE 5 

12 

Ca Absorbing Capture 

cessing method of the present invention, a harmful sub­

stance such as hydrogen fluoride is not generated at the time 

of being used as fuel, and it is possible to safely use the 

organic solvent component. In addition, according to the 

processing method of the present invention, it is possible to 

detoxify the battery without freezing or combustion at a high 

temperature because the electrolyte solution is gasified and 

obtained from the battery. Therefore, it is possible to safely 

and efficiently perform material recycling. Accordingly, the 
10 

present invention has industrial applicability. 

21.5 g of water was added to 100 mL of the electrolyte 
solution, the pipe passage was connected, the depressuriza­
tion was performed up to 15 kPa by the vacuum pump, and 15 

the large-sized battery cell was immersed in the oil heater 
and was heated at 120° C. for 2 hours. The generated gas 
passed through a calcium suspension liquid (adjusted by 30 
g of calcium carbonate, 100 mL of water, and 30° C. to 60° 

C.), and the gasified fluorine was absorbed and immobilized 20 

as calcium fluoride. The organic solvent or the like was 
subsequently condensed by the cooler ( 4 ° C. ), and was 
captured in the capturing bottle. The precipitate collected in 
the calcium suspension liquid was analyzed by an X-ray 
powder diffraction, and it was confirmed that the precipitate 25 

was a mixture of calcium fluoride and calcium carbonate. 
The collected liquid which was condensed by the cooler was 
80 mL, and was only in the organic phase. The fluorine 
concentration of the collected liquid was 5 mg/L and pH 6.2, 
and included almost no fluorine. The organic phase was 30 

analyzed, and the components of the solution were DMC, 
EMC, DEC, and EC. 

EXAMPLE 6 
35 

Dry Processing 

The large-sized battery cell for an automobile (the lithium 
ion battery, 1.66 kg) was discharged, the packaging sheet 
was peeled off, the safety valve was opened, 18 g of water 40 

was added, the pipe passage was connected, the depressur­
ization was performed up to 5 kPa by the vacuum pump, and 
the large-sized battery cell was immersed in an oil heater and 
was heated at 150° C. for 2 hours. The generated gas was 
introduced to the filling layer of calcium carbonate. 45 

REFERENCE SIGNS LIS T 

10: BAT TERY 

11: OPENING 

12: PIPE PASSAGE 

13: VACUUM PUMP 

14: WATER COOLING TRAP 

15: HEATING EQUIPMEN T 

16: COOLER 
17: CON TAINER FOR Ca MIXED SOLUTION 

The invention claimed is: 
1. A method for processing a fluorine-containing electro­

lyte solution including a volatile fluorine compound and a 
volatile organic solvent, the method comprising: 

a gasification step of gasifying volatile components 
included in the electrolyte solution by heating the 
electrolyte solution under reduced pressure which is 
lower than atmospheric pressure; 

a fluorine immobilization step of immobilizing a fluorine 
compound included in gas of gasified volatile compo­
nents as a calcium fluoride by allowing the fluorine 
compound to be reacted with a calcium compound; and 

an organic solvent recovery step of recovering the organic 
solvent in the gas, 

wherein, in the gasification step, 
water or an aqueous mineral acid solution is added to the 

electrolyte solution, and then 
the electrolyte solution is heated under the reduced pres­

sure, and thereby, 
the organic solvent in the electrolyte solution is gasified, 
lithium hexafluorophosphate in the electrolyte solution is 

reacted with water and is hydrolyzed to phosphoric acid 
and hydrogen fluoride, and 

phosphoric acid is remained in a solution and hydrogen 
fluoride is gasified. 

After passing the gas therethrough, the filling layer of 
calcium carbonate was obtained and the components thereof 
were analyzed by an X-ray powder diffraction. The compo­
nents thereof were unreacted calcium carbonate and calcium 
fluoride. On the other hand, the gas passing through the 
filling layer was introduced to the condensation trap (0° C.) 
and was stored. When the components of the condensed 
solution were analyzed, the components of the collected 
liquid were DMC, EMC, DEC, and EC. The fluorine con­
centration was 30 mg/L. 

2. The method for processing a fluorine-containing elec-

50 trolyte solution according to claim 1, 

55 

INDUSTRIAL APPLICABILI TY 

According to the processing method of the present inven­
tion, it is possible to recycle fluorine as a hydrofluoric acid 60 

manufacturing raw material or a cement raw material 
because fluorine is collected from the electrolyte solution as 
calcium fluoride having high purity. Further, according to 
the processing method of the present invention, the organic 
solvent of the electrolyte solution is able to be collected and 65 
used as fuel or alternative fuel. Because fluorine is separated 
from the organic solvent component collected by the pro-

wherein in the fluorine immobilization step and the 
organic solvent recovery step, 

the fluorine compound and the organic solvent included in 
the gas are collected by passing the gas through a 
cooling water, 

the organic solvent is recovered by separating the organic 
solvent from a liquid including the fluorine compound, 

the fluorine compound is reacted with the calcium com­
pound by adding the calcium compound to the liquid 
including the fluorine compound, and thereby the cal­
cium fluoride is generated. 

3. The method for processing a fluorine-containing elec­
trolyte solution according to claim 1, 

wherein in the fluorine immobilization step and the 
organic solvent recovery step, 

the fluorine compound and the organic solvent included in 
the gas are condensed into a liquid,
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