F-P11173SF(SG) DESCRIPTION TITLE OF THE INVENTION: METHOD FOR PRODUCING
TETRAFLUOROBORATE TECHNICAL FIELD [0001] The invention relates7tesE iedod and an
apparatus for producing a tetrafluoroborate, and more specifically to a method for producing a
tetrafluoroborate suitable for use 10 in an electrolyte for electrical storage devices, an electrolyte
containing such a tetrafluoroborate, and an electrical storage device including such an electrolyte.
BACKGROUND ART 15[0002] For example, a conventional method for producing a
tetrafluoroborate includes a method for pro@ﬁ%ﬁ%@qﬁﬁaﬁﬁetraﬂuoroborate, which typically includes
allowing lithium carbonate to react with a fluoroboric acid SO|Uti3P%%% &o obtain lithium tetrafluoroborate.
rate,

In this mefhbaLheresTiing SAHEY fitfitin Alfot655tafe Mohbiyt which is represented by the

formula LiBF4-H20, and therefore, dehydration by heating at about 200C is necessary. Unfortunately,
heating at%’%%ﬁ%*%@@%%ﬁ%%ﬁmose lithium 25 tetrafluoroborate and therefore may reduce its purity.
In F-P11173SF(SG) addition, several thousand ppmw of water also remains. Therefore, this
production method is not necessarily satisfactory in view of the controllability of the reaction and the

purity of the eging pradugt and so on.
[0001]
The invention relates to a method and an apparatus
for producing & tetrafluoroborate, and more specifically to
a method for producing a tetrafluoroborate suitable for use
10 in an electrolyte for electrical storage devices, an
electrolyte containing such a tetrafluorcborate, and an

electrical storage device including such an electrelyte.

BACKGRQUND ART
15 (00021
For example, a conventional method for producing a
tetrafluoroborate includes a method for producing lithium
tetrafluorchorate, which typically includes allowing
1ithium carbonate to react with a fluoroboric acid solution
20 to obtain lithium tetrafluorchorate. In this method, the
resulting salt is lithium fluorcborate monohydrate, which
is represented by the formula LiBF,+H:0, and therefocre,
dehydration by heating at about 200°C is necessary.
Unfortunately, heating at about 200°C can decompose lithium

55  tetraflucoroborate and therefore may reduce its purity. In



5[0003] To solve this problem, for example, Patent Document 1 listed below discloses a method of
prodycing lithium tetrafluoroborate by a process including blowing borog-trifiupridegasgato a lithium
fluoride-containing, non- 10 aqueous, organic solvent for a lithium secondary battery electrolyte to
allow the lithium fluoride to react with the boron trifluoride. [0004] In the above production method,
however, the organic 15 solvent forms a suspension (slurry) because lithium fluoride has low solubility
in the organic solvent. In the production process, therefore, it is difficult to circulate the lithium

fluoride- cmmmnmmgaﬂmaénttWhmmgeBmeblmWthhﬁPlsr(ﬁﬂ%m%o produce a 20

tetrafluoroborate by a continuous process. PRIOR ART DOCUMENTS PATENT DOCUMENTS [0005]
25Patent Doeurnént &, Jagahess FedentApplicaiibh 2aid- SFIPT 1738Eisay 1 1Y

satisfactory in view of the controllability of the reaction
and the purity of the resulting product and sc on.
5 [0CO3]

To sclve this problem, for example, Patent Document 1
listed below discloses a method of preducing lithium
tetrafluoroborate by a process including blowing boron
trifluoride gas into a lithium fluoride-containing, non-

10 agueous, organic solvent for a lithium secondary battery
electrolyte to allow the lithium fluoride to react with the
boron trifluoride.

[00C4]

In the above production method, however, the organic

15 solvent forms a suspension (slurry) because lithium
fluoride has low solubility in the organic solvent. 1In the
production process, therefore, it is difficult to circulate
the lithium fluoride-containing organic solvent, which
causes a problem in which it is difficult to produce a

20 tetrafluoroborate by a continuous process.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0005]

25 Patent Document 1: Japanese Patent Application Laid-



Open (JP-A) No. 11-157830 DISCLOSURE OF THE INVENTION PROBLEMS TO BE SOLVED BY
THE INVENTION 5[0006] The invention has been made in view of the abewe prolliemss@and an object
of the invention is to provide a tetrafluoroborate producing method that allows high-yield,
high-efficiency production of a tetrafluoroborate by a 10 continuous process, a
tetrafluoroborate-containing electrolyte, and an electrical storage device including such an electrolyte.
MEANS FOR SOLVING THE PROBLEMS 15[0007] To solve the conventional problems, the
inventors KavermadB studiBs ontetrafiudrdBorate producing methods, tetrafluoroborate-containing
electrolytes, and electrical storage devices including such electrolytes. As a result, 20 the inventors
have accomplished the invention based on the finding that the object can be achieved using the

featu_res described below&[ﬂoow T lee the a_bove problems, therefore, the invention 25
provides a%éﬂfa%ﬁgr cﬁbl:a ?&Vagm%icﬁ)orate, which
PRCOBLEMS TO RE SOLVED BY THE INVENTION
5 [0006]
The invention has been made in view of the above
problems, and an obiect of the invention is to provide a
tetrafliucroborate producing method that aliows high-vield,
high-efficiency production of a tetrafluorcborate by a
10 continuous process, & tetrafluoroborate-containing
electrolyte, and an electrical storage device including

such an electrolyte.

MEANS FOR SOLVING THE PROBLEMS
i5 [0007]

To solve the conventional problems, the inventors
have made studies on tetrafluoroborate producing methcds,
tetrafluoroborate-containing electrolytes, and electrical
storage devices including such electrolytes. As a result,

20 the inventors have accomplished the invention based on the
finding that the object can be achieved using the features
described below.

[0008]
To solve the above problems, therefore, the invention

25 provides a method for producing a tetrafluoroborate, which



F-211173SF(SG) includes: a first step including dissolving boron trifluoride gas in an organic solvent; a
second step including adding, to the organic solvent, a fluoride (NF, whegeip M {eRresents a metal or
NH4, and 1.n3) in an 5 amount stoichiometrically equivalent to or less than the amount of the boron
trifluoride so that a tetrafluoroborate solution is produced; and a third step including circulating the
tetrafluoroborate solution through the first step so that the boron trifluoride gas is dissolved 10in the
tetrafluoroborate solution instead of the organic solvent. [0009] In general, fluorides are hardly
soluble in crganiesoiverits fiherefors siba fluodide inaddédsodry brgartie 15%olvent before boron
trifluoride gas is absorbed into the organic solvent, a suspension (slurry) will be formed. Therefore, a
solid fluoriderwilllastisogiG§ifig irside tHer gaperatLaCduifiythe Ab3Bfstioth oFHFon trifluoride, which
will interfere with the operation. In the method stated 20 above, however, the first step in which boron
trifluoride gHSds HFStABSBRSE Rito fHe dranfiert iS folSRBA byihs Seesrhd Steh rwhich a

fluoride is added to the organic solvent. Therefoi)e, a tetrafluoroborﬁge i§ sgnthesized in the organic

solvent accBIGNG 18 the 25EHenTCal FormIa ShowhtbelBey. 15 Bdditioh: the fiidrids is

F;P11%73§£K§&Qt stoichicmetrically equivalent to or less than the
amount of the boron trifluocride sc that a tetrafluoroborate
solution is produced; and a third step including
circulating the tetrafluoroborate solution through the
first step so that the boron trifluoride gas is dissolved

10 in the tetrafluorcoborate solution instead of the organic
solvent.
[0009]

In general, fluorides are hardly soluble in organic

solvents. Therefore, if a fluoride is added to an organic

15 solvent before boron trifluoride gas is absorbed into the
organic solvent, a suspension (slurry) will be formed.
Therefore, a solid flucride will cause clogging inside the
apparatus during the absorption of boron trifluoride, which
will interfere with the operation. In the method stated

20 above, however, the first step in which boron trifluoride
gas is first absorbed into the crganic solvent is followed
by the second step in which a flucride 1s added to the
organic solvent. Therefore, a tetrafluorcborate is
synthesized in the organic sclvent according to the

25 chemical formula shown below. In addition, the fluoride is



added in an amount stoichiometrically equivalent to or less than the amount of the boron trifluoride,
and therefore, the entire amount of the fluoride reacts with the boron trifllggrﬂ;{eiﬁﬁgﬁ%tgty a
tetrafluoroborate solution 5 with no remaining unreacted fluoride is obtained in a non-slurry state.
Therefore, the tetrafluoroborate solution can be circulated through the first step so that boron fluoride
gas can be dissolved in the tetrafluoroborate solution instead of the organic solvent (the third step). 10
Therefore, the above method makes it possible to use various apparatuses including absorption
towers andetddeetform eontimuous opetationtseothat tetraflubroboratevprbductivity can Beeiproved.
[0010] 15nBF3+MF,M(BF4)n (wherein M represents Li, Na, K, Rb, Cs, NH4, or Ag when n=1,
represents T M Ba 29 10F, rPEWheh M=) of Fépresems 3¢ or Fedwiiée re8916011] 20The
organic solvent is preferably a non-aqueous organic solvent or a non-agueous ionic liquid. According
to this feat(e b&FonitFifluBAGE tan BE dHdridd Rithe6t FMRRETY SIS OF fie befoMPHGsride or the

tetrafluoroborate_and without production of a hydrate of 25 boron trifluoride or tetrafluoroborate as a
byﬁﬂodudtﬁ%ikﬁai7§gFﬁS a result, "a tetrafluoroborate solution

5 with no remaining unreacted fluoride is obtained in a non-
slurry state. Therefore, the tetrafluoroborate solution
can be circulated thrcugh the first step so that boron
fluoride gas can be dissolved in the tetrafluoroborate
solution instead of the organic sclvent {(the third step).

10 Therefore, the above method makes it possible to use
various apparatuses including absorption towers and to
perform continuous operation so that tetrafluorcborate
productivity can be improved.

[0010]

15 NBF+MF,—M{(BF) 5
{(wherein M represents Li, Na, K, Rb, Cs, NH,, or Ag when
n=1, represents Ca, Mg, Ba, Zn, Cu, or Pb when n=2, or
represents Al or Fe when n=3.)

[0011]

20 The crganic solvent is preferzably a non-agueous
organic solvent or a non-agueous ionic liquid. According
to this feature, boron trifiuoride can be absorbed without
hydrolysis of the boron trifluoride or the
tetrafluorcborate and without production of a hydrate of

25 boron triflucride or tetraflucroborate as a by-product. If



boron trifluoride or tetrafluoroborate is hydrolyzed, acidic substances such as oxyfluoroboric acid or
hydrofluoric acid and boric acid or organic-solventinsoluble components %%ﬁlslggé)&xygggroborate
and a 5 borate will be produced. If an electrolyte containing such acidic substances or insoluble
components is used in an electrical storage device, they will have adverse effects such as corrosion of
the electrical storage device and degradation of the electrical properties. Therefore, the 10 organic
solvent used preferably has low water content. From this point of view, the water content of the organic
solvent is preferably 100 pprivi &t |ess, hedredtéferalslip A 0a0pmw or tessy i padtidular, preferably 1
ppmw or less. [0012] 15The first step and the third step may be performed using an absorption tower.
In the prod@étich! fefidtrsfmedsverition, fornfativh of arstepeasionqsianyy state is prevented,
because the fluoride is added after boron trifluoride gas is dissolved in the organic solvent and the 20
tetrafluoroddYSEHotition' ST refdforé EheRtiish af abserption IGWeFisLBERSA tite first step and the
third step, Q|%%% %i‘lf prevented inside the absorption tower, which makes continuous operation

r ,

possible, A BUrEftbIboPAtE prBatCtRty Ban BeMmprovar 25706313 "E-F11173SF(SG) To

solve tge aBO\]/:%Qroblerﬁ, g}g inv%rgioge%Jgo pf%\gi%gsstgat{;%ec

3 % I ctrqél‘vg including the tetrafluokgoborate
obtainéd by the tetrafidioroborate producing met above? *

contalinling suc
acidic substances or inscluble components is used in an
electrical storage device, they will have adverse effects
such as corrosion of the electrical storage device and
degradation of the electrical properties. Therefore, the

10  organic scolvent used preferably has low water content.

From this point of view, the water content of the corganic
sclvent is preferably 100 ppmw or less, more preferably 10
ppmw or less, in particular, preferably 1 ppmw or less.
[0012]

15 The first step and the third step may be performed
using an absorption tower. In the production method of the
invention, formation of a suspension (slurry) state is
prevented, because the fluoride 1s added after boron
trifluoride gas i1s dissolved in the organic sclvent and the

20 tetrafluorcborate solution. Therefore, even when an
absorption tower is used in the first step and the third
step, clogging is prevented inside the absorption tower,
which makes continuocus operation possible. As a result,
tetrafluoroborate productivity can be improved.

25 [0013]



5[0014] To solve the above problems, the invention also provides an electrical storage device
including the electrolyte stated above. The electrical storage device of th?i@\ﬁ ‘9@3’9‘5}%8? a lithium
ion secondary battery or the 10like. EFFECTS OF THE INVENTION [0015] By the means described
above, the invention brings 15 about advantageous effects as described below. [0016]

Specifically, according to the invention, boron trifluoride gas can be previously dissolved in an organic
solvent in an absorption tower, and in the reaction tank, a 20 fluoride can be added in an amount
stoichiometrically eqaivatetirto bhiesstthar the aimbemtof thbdoron triftuoridezwhen they are allowed

to react, so that a tetrafluoroborate solution with no remaining fluoride can be obtained. The resulting
tetrafluorobofatéiststici ca 25 becsupptied 16 hedabsbription tovteradgais anbelrétiated,

F-P11173SF(SG)
obtalned by the tetraflucrcborate producing method stated

above.
5 (0014}

To solve the above problems, the inventicn also
provides an electrical storage device including the
electrolyte stated above. The electrical storage device of
the invention may be a lithium ion secondary battery or the

10 like.

EFFECTS CF THE INVENTION
[0015]
By the means described above, the invention brings
15 about advantageous effects as described below.
[colel
Specifically, acceording to the invention, boron
trifluoride gas can be previously dissolved in an organic
solvent in an absorption tower, and in the reaction tank, a
20  fluoride can be added in an amount steoichiometrically
equivalent to or less than the amount of the boron
triflucride, when they are allowed to react, so that a
tetrafluoroborate solution with no remaining fiuoride can
be obtained. The resulting tetrafluoroborate solution can

25 be supplied toc the absorption tower again and circulated,



so that the fluoride can be allowed to react with boron trifluoride in the reaction tank after the boron
trifluoride gas is dissolved in the tetrafluoroborate solution. According torthe invention,(therefore, the 5
tetrafluoroborate solution is circulated, so that a high-purity tetrafluoroborate with no unreacted fluoride
or impurity can be produced by a continuous production process. In addition, a filtration step for
removing the fluoride can be omitted, which is economically advantageous. 10 BRIEF DESCRIPTION
OF THE DRAWINGS [0017] Fig. 1 is an explanatory diagram schematically showing a
tetrafluorolseraté produeing aigarhfiis 46Cbramgals " ermbBodfféit of e ifvRhiSh, Example 1,

and Comparative Example 1; Fig. 2 is a schematic diagram for illﬁgr%@% Examples 2 to 5 according
y 20°s

to the invehtidr: JaHFRIGE 3 18 ah ek phiiritory iadra séHentatica O

owing the cross-section of a

SRRl parien 2gea g to e fpyenion, FMZOPLYELTR BOR.GARILYING OUT THE

solution. Acceording to the invention, therefore, the
5 tetrafluorcborate solution is circulated, so that a high-
purity tetraflucroborate with no unreacted fluoride or
impurity can be produced by a continuous production process.
Tn addition, a filtration step for removing the fluoride
can be omitted, which is economically advantagecus.
10
BRIEF DESCRIPTION OF THE DRAWINGS
[0017]
Fig. 1 is an explanatory diagram schematically
showing a tetraflucroborate producing apparatus according
15 to an embodiment of the invention, Example 1, and
Comparative Example 1;
Fig. 2 is a schematic diagram for illustrating
Examples 2 to 5 according to the invention; and
Fig. 3 is an explanatory diagram schematically
20 showing the cross-section of a lithium secondary battery

according to the invention.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0018]

25 Frbodiments of the inventicn are described below with



25Embodiments of the invention are described below with F-P11173SF(SG) reference to Fig. 1. Fig. 1
is an explanatory diagram schematically showing a tetrafluoroborate proglueingappasatys according to
an embodiment of the invention. It should be noted that some parts unnecessary for explanation are
omitted, and some parts are illustrated in an enlarged, reduced or modified form for easy
understanding. [0019] As shown in Fig. 1, the production apparatus according to an embodiment of the
invention includes a 10 first absorption tower 1, a second absorption tower 5, a first tank 2, a second
tank 6, a thireftanR™10e pampsiy 7, hnd Fida filst EBokh 4cEBeeHAT e66lef B2 g assing tower 9, an
air pump 12, and a condenser 13. [0020] 15A given amount of an organic solvent is added to the first
tank 2 and $FE SBEGAT Bk, STHEPGAPE 3781 7 5 058P /F &5 Iy B3 HGdid 9rom the first tank 2
and the second tank 6 to the first absorption tower 1 and the second absorption tower 5, respectively,
and to perfBRAPRGHRIAITC BOrS tritiofite (BR3Y §RE T51heA stipplied toThe 8ttom of the second
absorption tower. 5. Gas of 100% boron trifluoride may be used, or appropriately diluted.gas obtained
by mixing bsc?%gﬁ %ﬁiﬂl%?idréoa%ne in%?[agtassr%%?/ aEI-)s.aordtgeS ugg&%ﬁéﬁ‘?ﬁe%t §§§ ise%x%%f}aggﬁ%pation 25 of

heaﬂqﬁhegggq&ggg%%@}ogg&1§g%£ﬂ§§¥¥§ngre illustrated in an enlarged,
reduced or modified form for easy understanding.
[0019]
As shown in Fig. 1, the production apparatus
according to an embodiment of the invention includes a

10 first absorption tower 1, a second absorption tower 5, a
first tank 2, a second tank 6, a third tank 10, pumps 3, 7,
and 11, a first cooler 4, a second cooler 8, & degassing
tower 9, an air pump 12, and a condenser 13.

[6020]

15 A given amount of an organic sclvent is added to the
first tank 2 and the second tank 6. The pumps 3 and 7 are
used to supply the liguid from the first tank 2 and the
second tank € to the first absorption tower 1 and the
second absorption tower 5, respectively, and to perform

20 circulation. Boron trifliuoride (BF3) gas is then supplied
to the bottom of the second absorption tower 5. Gas of
100% boron trifluoride may be used, or appropriately
diluted gas ocobtained by mixing boron trifluoride and inert
gas may also be used. When inert gas is mixed, generation

25 of heat in the first absorption tower 1 and the second



F-511173SF(SG) absorption tower 5 can be reduced. Inert gas is not restricted, and for example, N8,
Ar, dry air, carbon dioxide gas, or any other inert gas may be used. Theﬂ@§%?q@t§9t(gf6tpe inert gas
to be used for dilution is preferably as low as 100 ppmw or less, more preferably 10 ppmw or less, in
particular, preferably 1 ppmw or less so that it will neither cause hydrolysis of boron trifluoride or
tetrafluorobora e nor produce a hydrate of boron trifluoride or tetrafluoroborate as a by-product. The 10
boron trifluoride gas comes into countercurrent contact with the organic solvent in the second
absorptiondgwer Siso-that s dissolved ibéhe erpanicisolvent(the fiest siep)nThe heat of absorption
of boron trifluoride in the organic solvent is removed by the first cooler 4 and the 15 second cooler 8
provided in-thercitottativon linecsd that arsapprepridte, operatiolr teraperatiire i®avaintained. [0021]

The organic solvent in which the boron trifluoride gas is dissolved is supplied to the second tank 6. A
20 fluoridedn aniamountsstoichicaetricallesquivalent @26 [BSs/tHan the $nount'st thé bdton trifluoride
is supplied to the second tank 6. As a result, the boron trifluoride reacts with the fluoride so that a
tetrafluoroborateestprodutsd (the SEE0AG Step). The réddion Formula betdW 25%hows the reaction of

boron trifluoride and lithium F-P11173SF%SG) fluoride. EOOZZ] BF3+LiF,LiBE4I[0g%I§J
5 preferably as low as 100 ppmw or less, more prelfera 16

ppmw or less, in particular, preferably 1 ppmw or less so0
that it will neither cause hydrolysis of boron trifluoride
or tetrafluoroborate nor produce a hydrate of boron
rrifluoride or tetrafluorcborate as a by-proeduct. The

10 boron triflucride gas comes into countercurrent contact
with the organic solvent in the second absorption tower 5
so that it is dissolved in the organic solvent (the first
step). The heat of absorption of boron rrifluoride in the
organic solvent is removed by the first cooler 4 and the

15 second cooler 8 provided in the circulation line so that an
appropriate coperation temperature 1s maintained.
(00211

The organic solvent in which the boron trifivoride

gas is dissolved is supplied to the second tank €. A

20 fluoride in an amount stoichiometrically egulvalent to or
less than the amount of the boron trifluoride is supplled
to the second tank 6. As & result, the boron trifluoride
reacts with the fluoride so that a tetrafluoroborate is
produced {the second step). The reaction formula below

25 shows the reaction of boron trifluoride and lithium

10



5A tetrafluoroborate solution is produced in the second tank 6 and fed by the pump 7 to the top of the
second absorption tower 5 through piping. The boron trifluoride supplied to the bottom of the tower is
absorbed into the tetrafluoroborate solution in the second 10 absorption I%TA?e]r](ghTe?’ﬁ]%Ss(fép).
Subsequently, the reaction with the fluoride is continuously performed in the second tank 6 so that the
tetrafluoroborate is concentrated to the desired concentration. In such circulation operation, when the
desired concentration is reached, part 15 of the solution from the pump 7 is withdrawn as a product.
Simultaneofislyowithighe withdrawing of the product, the supply of an organic solvent from the outside
to the first absorption tower 1 is started, and the pump 3 to which the liquid is supplied is changed from
the first absdiptién 20 tower 1 to the second absorption tower 5, when the tetrafluoroborate solution is
continuously produced. In this process, while part of the absorption liquid is still circulated through the
first absorption towBF 17 e absdtption liquid may be supplied to the second absorption 25 tower 5 at
the same time. F-P11173SF(SG) [0024] In order that the fluoride, which is hardly-soluble in an
organic sol\ﬂé}ﬁ)t,zﬁﬂay be avoided from being in the form of a slurry, the fluoride supplied to the second
tank 5 6 is preferably in an amount stoichiometrically equivalent to or less than the amount of the

boron thifluoride disSolvel A tHe Brgaift ebivent This Makdsit PESSBRE® avbid BRgging or the like

caused by a glgogge Egunrs{ ig the C?pgaéatgs. ']g%e method gf making the boron 10 trifluoride
stoichiometfically excéss to thé Hitoride caf the Pump / to the top of the

second absorption tower 5 through piping. The boron
trifluoride supplied to the bottom of the tower is absorbed
into the tetrafluoroborate solution in the second

10  absorption tower (the third step). Subsequently, the
reaction with the fluoride is continuously performed in the
second tank 6 so that the tetrafluorcborate is concentrated
to the desired concentration. In such circulation
operation, when the desired concentration is reached, part

15 of the scolution from the pump 7 is withdrawn as a product.
Simultaneously with the withdrawing of the product, the
supply of an organic sclvent from the ocutside to the first
absorption tower 1 is started, and the pump 3 to which the
liguid is supplied is changed from the first absorption

20 tower 1 to the second absorption tower 5, when the
tetrafluoroberate solution is continuously produced. In
this process, while part of the absorption liguid is still
circulated through the first absorption tower 1, the
absorption liguid may be supplied to the second absorption

25 tower 5 at the same time.

11



be achieved by constantly supplying a stoichiometrically excess amount of the boron trifluoride to the
fluoride. However, this method is not preferred, because the excess part-of:the-bosep trifiloride has to
be discharged to the 15 outside of the system in any step of the method so that raw material loss will
occur. A more preferred method includes providing a liquid in which boron trifluoride has been
previously absorbed in an excess amount suitable for operation and supplying, to the liquid, boron
trifluoride 20 and a fluoride in amounts stoichiometrically equivalent to each other. [0025] The
tetrafluoroddérate $olution, in which an excess of the boron trifluoride used in the second step is
dissolved, 25 is supplied to the top of the second absorption tower in F-P11173SF(SG) the third step,
and part of the tetraflusroboraté Befutibhas alsecsiisified 6 #d dégadsiig tonet ot The®

tetrafluoroborate solution fed to the degassing tower 9 is reduced in pressure by the air pump 12 so
that the botdh BIUBFEETS FerfBVEERy didhftatici? THIRL 8 %6t dSPobsraie soilitidh Gontaining the

boron triflugride and the fluoride in stoichiometrically equivalent amounts is&ergg%rgd%an withdrawn as

a product fiGtTEh& fhiftl GmkE0Y AleRTativell the AusHEe mas e Sddatrinan aount L

stoichiometrically equivalent to the excess amount of the dissolved.boron trifluoride to form the
tetrafl orob%grétse ?ogﬁ%r{al}ﬁl\ﬁlev& of gcr)lntﬁ%%%r%%pr% Sé”t?vklhl/,Oﬁloev%éf\/lecr?%leyexec%é% p%rt of the boron

trifluoride is preferaply.emayed by, distijalion uder ieduged presspie: A, featgr may also 15 be

placed in the degassing tower 9 to perform heating so that the efficiency of the removal of the boron

trifluoride yaget raduced presswre ca e inceased. (00264, The horon trfluogde semoved by
distillation is 20 supplied to the bottom of the second absorption tower 5 by the air pump 12. The boron
trifluoride is. furthes broughtdatorcoupterenrentGentaghuwithithe orgamicisolvent andiorry
in the apparatus. The method of making the boron
10  trifluoride stoichiometrically excess to the fluoride can
be achieved by constantly supplying a stoichiometrically
excess amount of the boron trifluoride to the fluoride.
However, this method is not preferred, because the excess
part of the boron trifluoride has to be discharged to the
15 ocutside of the system in any step of the methed so that raw
material loss will occcur. A more preferred method includes
providing a liquid in which boron triflucride has been
previously absorbed in an excess amount suitable for
operation and supplying, to the liguid, boron trifluoride
20 and a flucride in amounts stoichiometrically equivalent to
each other.
[0025]
The tetraflucrocborate solution, in which an excess of

the boron trifluoride used in the second step is dissolved,

25 is supplied to the top of the second absorption tower in

12



the tetrafluoroborate solution in the second absorption tower 5 so that it is recovered and reused.
When the boron 25 trifluoride used as a raw material contains a small arggﬁlgﬁBngﬁlZé?)éF(SG) of
hydrogen fluoride, the pressure of the tetrafluoroborate solution may be reduced by the air'pump 12 so
that the hydrogen fluoride can be removed by distillation, and then the hydrogen fluoride may be
condensed in the condenser 13 5 and removed. The liquid (drain) condensed in the condenser 13,
which contains the organic solvent, hydrogen fluoride, and boron trifluoride, may be directly subjected
to disposaltoeif hbcessary cthe hyddogen-fiuaride; tlke bertonatfifluonds; or #he organit $olwent may be
recovered and 10 reused. The recovery may be performed using a conventional technique such as
distillation drsex@faRtiofLUfa@RYEd to |hkn cipbadiiert of thesinventiofi Mthe tetrafluoroborate solution
is circulated as described above 15 so that a high-purity tetrafluoroborate can be continuously
produced irt RfgFayiéldo foazs 2t e |§ahemBodiafsht 'of tHeiRvEeRtisH hiebsorpifoh fowet is preferably
used in view of industrial production 20 efficiency, which, however, is not intended to exclude a surface

absorption Hf BUE6hg-MetisE BHtdWer Bise 2BSortBR apparatud-Sich 488 paked tower, a tray

tower, or a wetted wall tower may be used as the first absorption tower 1 and the second absorption
toweré?TH%%%giﬁmﬁhe 1is removegdby disti %atlon. Thus, a

tetrafluoroborate sclution containing the boron trifluoride
and the flucride in stoichiometrically eguivalent amounts
is prepared and withdrawn as a product from the third tank
10. Alternatively, the fluoride may be added in an amount
10 stoichiometrically eqguivalent to the excess amount of the
dissolved boron trifluoride to form the tetrafluoroborate
solution. In view of continuous productivity, however, the
excess part of the boron trifluoride is preferably removed
by distillation under reduced pressure. A heater may also
15> be placed in the degassing tower 9 to perform heating so
that the efficiency of the removal of the boron triflucride
under reduced pressure can be increased.
[0026]
The boron trifluocride removed by distillation is
29 supplied to the bottom c¢f the second absorption tower 5 by
the air pump 12. The boron trifluoride is further brought
into countercurrent contact with the corganic solvent and/or
the tetraflucroborate sclution in the second absorption
tower 5 so that it is recovered and reused. When the boron

25 triflucride used as a raw material contains a small amount
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25 may also be performed in any of a countercurrent mode and a F-P11173SF(SG) co-current mode
[0029] In the first step and the third step, the concentration of bororetrifluonide 8Tthesorganic .
solyent 5or thg tetrafluoroborate solution is preferably 15% by weight or less, more preferably 10% by
Welght or less, in particular, preferably 5% by weight or less. If the concentration of boron trifluoride
gasin the_organic solvent is high, the organic solvent may react with the 10 boron trifluoride so that
discoloration, denaturation, or solidification of the organic solvent may occur, In addition, the heat of

absorptioromayicrease sé thatthédiquid reniseratiig &y becdind Biff Gt Torior ‘TS&SO] 15In the
first st‘ep and the third step, the gas-liquid contact temperature between the b rorkfluoride gas and the
organic soiveht ot tife ferafloBrotRIRESshIiOrERréferably o 40°0 105, miore preferably from 0

to 60C. If the gas-liquid contact tem i [
solidified S}fﬁ}tﬁﬁ’@%en %luoride Caﬁp%%atl{:reerrlxgtlf%scf Egl?n ggszlcoicl’fggPégla}mggglvgggmay be

the hydrogen fluoride may be condensed in the condenser 13
5 and removed. The liquid (drain) condensed in the condenser
13, which contains the organic solvent, hydrogen fluoride,
and boron trifluoride, may be directly subjected to
disposal, or if necessary, the hydrogen fluoride, the boron
trifluoride, or the organic solvent may be recovered and
10  reused. The recovery may be performed using a conventional
technigue such as distillation or extraction.
[0027]
In an embodiment of the invention, the
tetrafluoroborate solution is circulated as described above
15 so that a high-purity tetraflucoroborate can be continucusly
produced in high yield.
[0028]
Ty an embodiment of the invention, an absorption
tower is preferably used in view of industrial production
20 efficiency, which, however, 1s not intended to exclude a
surface absorption or bubbling method. Any tower type
absorption apparatus such as a packed tower, a tray tower,
or a wetted wall tower may be used as the first absorption
tower 1 and the second absorption tower 5. The absorption

25 may alsc be performed in any of a countercurrent mode and &
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continuous operation may be impossible. On the other hand, if the gas-liquid contact temperature is
more than 100C, the vapor pressure of boron trifluoride in the organic r.spivent gsthesc)
tetrafluoroborate solution may be too high 25 so that a problem such as a reduction in absorption
F-P11173SF(SG) efficiency or a reaction between the organic solvent and boron trifluoride may occur.
[0031] The organic solvent is preferably at least one of a 5 non-aqueous organic solvent or a
non-aqueous ionic liquid. The non-agqueous organic solvent is more preferably a non-aqueous aprotic
organic sohent. Sushdan aptstic solvent has no ability to donate hydrogen ions, and therefore makes it
possible to use, directly in an electrolyte for 10 electrical storage devices such as lithium-ion
secondary I3HtPies, the tetrafluoroborate solution obtained by the production method of the invention.

[0032] Examples of the non-aqueous organic solvent include, 15 but are not limited to, ethylene
carbonate, propylefé deBorrdteSbutieie EtBorats, \t7it91§/i’éﬂe%%?ﬁ)dné—teg;edimethyl carbonate, diethyl

carbonate, methyl ethyl carbonate, methy| acetate, ethyl aceta -butyl lactone, acetonitrile
dhneﬂwﬁoﬁﬁ&ﬁﬁﬁ§ﬁ%?ﬂﬁﬁeﬁ%x?@ﬁ%ﬂe?rl %uorlag in g%g organlc sb%vegg

5 or the tetrafluoroborate solution is preferably 15% by
weight or less, more preferably 10% by weight or less, in
particular, preferably 5% by weight or less. Tf the
concentration of boron trifluoride gas in the organic
solvent is high, the corganic solvent may react with the

10 boron triflucride so that discoleoration, denaturation, or
solidification of the organic scolvent may occur. In
addition, the heat of absorption may increase so that the
liguid temperature may become difficult to control.

[0030]

15 In the first step and the third step, the gas-liquid
contact temperature between the boron flucoride gas and the
organic solvent or the tetrafluoroborate soluticn 1s
preferably from -40 to 100°C, more preferably from ¢ to
60°C. If the gas-liquid contact temperature is less than -

20  40°C, the organic solvent may be solidified so that
continuous operation may be impossible. On the other hand,
if the gas-liguid contact temperature 1s more than 100°C,
the vapor pressure of boron trifluoride in the organic
solvent or the tetrafluorcborate solution may be too high

25 so that a prcoblem such as a reduction in absorption
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20 methanol, and isopropanol. Among these organic solvents, solvents in which the resulting
tetrafluoroborate is less likely to precipitate are preferred in view of conti@uﬁ%ﬁrqgggipﬁb pamely,
solvents in which the tetrafluoroborate has high solubility are preferred, which include ethylene 25
carbonate, propylene carbonate, dimethyl carbonate, diethyl F-P11173SF(SG) carbonate, methyl
ethyl carbonate, aceton trile, and 1,2- dimethoxyethane. One or more of these non-agueous organic
solvents may be used alone or in any combination. [0033] SExamples of the non-aqueous aprotic
organic solgdritindlgde a «yklié carsoraiora bisdin earbdrate, arcanbbyyliodcid esternand a nitrile, an
amide or ether compound. One or more of these non-agqueous aprotic organic solvents may be used
alone or in BRY @BmbinationC 10D IAF Exafpies of the non-aqueous ionic liquid include, but are not
limited to, flugride complex salts or fluoride salts of quaternary ammonium, quaternary phosphonium,
Or the like. b Bér-lti]cular, examples of the quaternary 15 ammonium cation include tetraalkyl

ammonium cation, %?}i]dazolium cation, Qi/razoli,um cati(;{l, pyridinium cation, triazolium cation,
pyridazinium cation: thiasBIGAY c&tion oxazalium cafis %ﬁ%éﬁnﬁﬁn%%ﬁéﬁ, &R p§razihium cation.
Examgl)es C}Iéﬁe_g %%eéﬁ%rydohosllfhoniunigati%n 20 include tetragékg/tllghgs h.oniLirQ cg:tngn etc. One or

rganilc. s0 e or non—a Il .
more of these non-aqueous ionic |qU|dSs may%e Gsed albne of in any com ma‘ﬁon, o may be used in

the form of g solytion inthe non-aqueous organicsolvent [0833] o crerably a non-

aqueous aprotic organic solvent. Such an aprotic solvent
has no ability to donate hydrogen ions, and therefore makes
it possible tc use, directly in an electrolyte for

10  electrical storage devices such as lithium-ion secondary
batteries, the tetraflucroborate solution obtained by the
production method of the invention.

[0032)
Examples of the non-agqueous organic solvent include,

15 but are not limited to, ethylene carbonate, propylene
carbonate, butylene carbonate, vinylene carbonate, dimethyl
carbonate, diethyl carbonate, methyl ethyl carbonate,
methyl acetate, ethyl acetate, y-butyl lactone,
acetonitrile, dimethylformamide, 1,2-dimethoxyethane,

20 methanol, and isopropanol. Among these organic solvents,
solvents in which the resulting tetrafluoroborate is less
likely to precipitate are preferred in view of continuous
production, namely, sclvents in which the tetrafluoroborate
has high solubility are preferred, which include ethylene

25 carbonate, propylene carbonate, dimethyl carbonate, diethyl
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250ne or more of the non-aqueous organic solvents and F-P11173SF(SG) the non-aqueous ionic
liquids may be used alone or in any combination as the organic solvent. 0@36]{Fhesfiuatice (MFn,
wherein M represents a metal or 5 NH4, andadded in the second step may be not only LiF but also
NaF, KF, RbF, CsF, NH4F, AgF, CaF2, MgF2, BaF2, ZnF2, CuF2, PbF2, AlF2, FeF2, or the like. One
or more of these fluorides may be used alone or in any combination. [0037] 10 The temperature of the
reaction between the fluoride and the boron trifluoride gas is preferably from -50C to 200C, more
preferably franb<t0C: fo 106C hinlpartitular, preferably fronfOC 16 BOCL ilitis 188§ tHa’-50C, the
organic solvent may be solidified, or the tetrafluoroborate 15 may precipitate. If it is more than 200C,

the resultirféf-lefafasiobbraE Snay Gt ofipd_er p038] F e ThetBENIAAY FtraflidTdidtate solution
may also be concentrated and/or cooled so that the tetrafluoroborate 20 can be precipitated and

separated FORVHREISHIERT, WhRichSRidkes R pDsSibled AR ofiPHe R AfGbroborate.
[0033]

5 Examples of the non-agueous aprotic organic solvent
include a cyclic carbonate, a chain carbonate, a carboxylic
acid ester, and a nitrile, an amide or ether compound. One
or more of these non-agqueous aprotic organic solvents may
be used alone or in any combination.

10 [0034]

Examples of the non-agueous ionic liguid include, but
are not limited to, fluoride complex salts or fluoride
salts of guaternary ammonium, quaternary phosphonium, or
the like. 1In particular, examples of the guaternary

15 ammonium cation include tetraalkyl ammonium cation,
imidazolium cation, pyrazolium cation, pyridinium cation,
triazolium cation, pyridazinium cation, thiazolium cation,
oxazolium cation, pyrimidinium cation, and pyrazinium
cation. Examples of the guaternary phosphonium cation

20 include tetraalkyl phosphonium cation, etc. One or more of
these non-aguecus ieonic liquids may be used alone or in any
combination, or may be used in the form of a solution in
the non-agueous organic solvent.

[0035]

25 One or more of the non-agueous organic sclvents and
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[0039] The resulting tetrafluoroborate solution may be directly used as an electrolyte for electrical
storage 25 devices, or a mixture of the resulting tetrafluoroborate FPll}Z?%If@%)S%pggg n with one
or more of a non-aqueous aprotic organic solvent and a non-aqueous ionic liguid may be used. [0040]
The boron component-containing gas used in the 5 production of the tetrafluoroborate, specifically, the
boron trifluoride gas, is preferably absorbed into an absorption liquid so that it can be recovered and
reused. Examples of the absorption liquid include water, an aqueous hydrofluoric acid solution, and a
solution contaiing M-20(weereiniMrsiadt i$ accarbenatey hipdroxiskes onhalide eantaininghgt least one
selected from the group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Fe, and Al). More
specifically CthrecasaEatich kguid hfayolie water erodrvagieous hydrofluoric acid solution of 0 to 80% by
weight,
[C036]
The fluoride (MF,, wherein M represents a metal or
5 NHy4, and 12ns3)} added in the second step may be not only
LiF but also NaF, KF, RbF, CsF, NH.F, RAgF, CaF,, MgF:;, BaF,,
ink,, Cuf,, PbF,, AlF;, FeF;, or the like. One or more of
these fluorides may be used alone or in any combination.
[GCG37]
16 The temperature of the reaction between the fluoride
and the boron trifluoride gas is preferably from -50°C to
200°C, more preferably from -10°C to 100°C, in particular,
preferably from 0°C to 50°C. If it is less than -50°C, the
organic solvent may be solidified, or the tetrafluoroborate
15 may precipitate. If it is more than 200°C, the resulting
tetrafluorcbhorate may decompose.
[0038]
The resulting tetrafluoroborate solution may also be
concentrated and/cor cooled so that the tetrafluorchborate
20  can be precipitated and separated from the solvent, which
makes 1t possible to take out the tetrafluorcborate.
[G039]
The resulting tetraflucrcborate solution may be

directly used as an electrolyte for electrical storage

25 devices, or a mixture of the resulting tetrafluorcborate
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15 or water or an aqueous hydrofluoric acid solution of 0 to 80% by weight in which an M salt is
dissolved (wherein M represents a carbonate, hydroxide, or halide conta%n_ir%? XIS) lﬁ%%gﬁelected
from the group consisting of Li, Na, K, Rb, Cs, NH4, Ag, Mg, Ca, Ba, Fe, an . en absorbed in
20 the absorption liquid, the boron trifluoride gas can be recovered in the form of M(BF4),
(whereinand/or HaBFb(OH)c.mH20 (whereinOrn8). This makes it possible to reduce the raw material
loss even when an excess amount of BF3 gas is used. 25[0041] F-P11173SF(SG) In the
production 6 the: tetraflubtdborate, as shown infFig. hdhe bgrortrifluende flowingrawtof ¢the second
absorption tower 5 is recovered in the first absorption tower 1 connected thereto in series. The boron
trifluoride-coniaifing crgdnie Solvent @beained irrthecfirstabsbipticriytower usis Supplied to the second
absorption tower 5. When the boron trifluoride cannot be completely absorbed in the first absorption
tower 1, the P&rh&ining boron trifluoride may be recovered and reused by 10 the absorption method
described above. This makes it possible to use the entire amount of boron trifluoride gas even when

an excess amount oF BorSMHRUGHR RNRSEd; Sothat AW Mafkifal 1538 Tah'be-ftluced. 15

EXAMPLES [0042]. . Hereinafter, preferred examples of the invention illustratively described in
detal. e wiF B8 THEISHSiB08 e the SERGRATC A ANBANE: an &6 Dhionied Miihe 20 exampies

and the compargtive,examples are llstratye goly and.are ot intgngledtoy s g, scope of the
invention, unless otherwise specified. de4]3
absorption liguid so that it can be recovered and reused.
Examples of the absorption ligquid include water, an agueous
hydrofluoric acid soluticn, and a solution containing M
10 (wherein M salt is a carbonate, hydroxide, or halide
containing at least one selected from the group consisting
of Li, Na, K, Rb, Cs, NHs, Ag, Mg, Ca, Ba, Fe, and Al).
More specifically, the absorption ligquid may be water or an
agqueous hydrofluoric acid socluticn of 0 to 80% by weight,
15 or water or an agueocus hydrofluoric acid solution of O to
80% by weight in which an M salt is dissolved {wherein M
represents a carbonate, hydroxide, or halide containing at
least cne selected from the group consisting of Li, Na, K,
Rb, Cs, NH., Ag, Mg, Ca, Ba, Fe, and Al). When absorbed in
20  the abscrpticn liguid, the boron triflucride gas can be
recovered in the form of M(BF;), (wherein 1<n<3) and/or
H.BEL (CH) o.*mH:0 (wherein 05asl, 0<b<4, (2c£3, 02mf8). This
makes 1t possible to reduce the raw material loss even when

an excess amount of BF; gas is used.

25 (00417
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(Example 1) 25This example was performed using the apparatus shown F-P11173SF(SG) in Fig. 1.
Commercially-available, battery-grade, diethyl carbonate (9 ppmw in waterpcaritesty wasgdded in an
amount of 3 L to the first and second tanks 2 and 6, respectively, each made of fluororesin, and then
the operation of 5 circulation through each absorption tower and each tank was started using the
pumps 3 and 7. At this time, the flow rates of the pumps 3 and 7 were both 1 L/minute. The first tank 2
and the second tank 6 were kept at a constant temperature of 20C using the first cooler 4 and the

second 10cooler 8] Fedpectivad[ooaapn ©SUHRBqUERNA HeSE5 bF bErorfFifl G0 gas to the

bottom of the second absorption tower 5 was started at a rate of 3.41tg/m%'n|%tr(?. After thz%e oron
trifluoride d&s I5%vaslabsdtBe® 6 the 6igahtCEdvENtOPY Hhifufdst the-supply of fithium fluoride to

the second tank 6 was started at a rate of 1.30 g/minute. Sixty minutes after the start of the supply of
lithium flucHeRC TR produtPWas W aE S SR oF L 7 Bt sﬁ%ﬁﬁgﬁgc%us{iy with 20 the

withdrawing of the product, the organic solvent was s .é)J:_!ed at,arafe of 50 ml/minute to the first
absorptionﬁ%%%? 1,Paﬁ€f the ﬁd‘uel SU%%E/@VJ\CIi?h the Sl?r#%) 3'was switched from the first absorption tower

Lto %‘f se gggg@gg@iﬁigﬂégwggénwnggo%%wewggﬁyewiag%%9@@@@%3@[0045]

F-P11173 n the continuous operation for 60 minutes, 3,295.8 g of the solution was
supplied to the degassing fower, 9, and anexcess gfboreadrifiluoride-gas dissalved in the solution was

removed by distillation under the reduced
absorption tower 5. When the boron trifluoride cannot be
completely absorbed in the first absorption tower 1, the
remaining boron trifluoride may be recovered and reused by
10 the absorption method described above. This makes 1t
possible to use the entire amount of boron trifluoride gas

even when an excess amount of boron trifluoride is used, so

that raw material loss can be reduced.

15 EXAMPLES
[0042]

Hereinafter, preferred examples of the invention are
illustratively described in detail. It will be understood
that the materials, the amounts, and so on described in the

20 examples and the comparative examples are illustrative only
and are not intended to limit the scope of the invention,
unless otherwise specified.

(00437
(Example 1)

25 This example was performed using the apparatus shown

20



5 pressure produced by the air pump 12. After the removal by distillation, 3,350 g of a lithium
tetrafluoroborate solution was obtained by withdrawing from the third tank-$Q.1 s dietlsyt carbonate
associated with the boron trifluoride gas removed by distillation was removed using the condenser 10
13. Subsequently, the boron trifluoride gas removed by distillation was merged with the raw material
boron trifluoride gas and reused. The amount of the supply of the mixture of the raw material boron
trifluoride gas and the boron trifluoride gas removed by distillation was kept 15at 3.41 g/minute. [0046]

The insoluble E5rfiporent EGFBAE THe frbd RIPAIRBAE anB e Fa¥ardoHtént SFifc Wethyl carbonate

solution of lithium tetrafluoroborate obtained in this way 20 were 10 p%wv. or less, 10 B‘E@W or less,
and 10 ppRarsiess SespebiiEly . FhepreeSure orthB Tésuifity 8%@%/ cafbohaté Soittion of lithium

tetrafluoroborate was further reduced at 40C so that a white solid was-obtained b gi iH ion removal
of the dietiﬁ/f carbonate. A a ra&dit 28 BF XKL %gyg%?ﬁwsé vs%/phifg1 giﬁ%’ Was con wmeé t? be

f;P11173%5&%?%@%@n%%ﬂ%ﬁ%gg%%g%%%lO%%@(%ﬁ@gp%&@ cperation of

5 circulation through each absorption tower and each tank was
started using the pumps 3 and 7. At this time, the flow
rates of the pumps 3 and 7 were both i L/minute. The first
tank 2 and the second tank 6 were kept at a constant
temperature of 20°C using the first cooler 4 and the second

10 ccoler 8, respectively.
[0044]

Subseguently, the supply of boron trifluoride gas to

the bottom of the second absorption tower 5 was started at
a rate of 2.41 g/minute. After the boron trifluoride gas

15 was absorbed intc the organic solvent for 2 minutes, the
supply of lithium fluoride to the second tank 6 was started
at a rate of 1.30 g/minute. Sixty minutes after the start
of the supply of lithium flucride, the product was
withdrawn at a rate of 51.7 ml/minute. Simultaneously with

20 the withdrawing of the product, the organic solvent was
supplied at a rate of 50 ml/minute to the first absorption
tower 1, and the liquid supply with the pump 3 was switched
from the first absorption tower 1 to the second absorption
tower 5, which was followed by continuocus operation.

25 [0045]
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This example was performed using the apparatus shown 5in Fig. 2. Commercially-available,
battery-grade, diethyl carbonate (9 ppmw in water content) was added ifrapamounirof GO0 g to the
second tank 6 made of fluororesin, and supplied to the top of the second absorption tower 5 and
circulated by the pump 7. The second tank 6 was kept at a 10constant temperature of 20C using the
cooler 8. Subsequently, boron trifluoride gas was supplied at a flow rate of 0.5 L/minute to the bottom
of the second absorption tower 5 for 16.7 minutes, so that 22.6 g of boron trifluoride gas was
introduced (the first step)e15{@088puouSUBBEFEENYT 810°F of fithitih AtiSAde as %ﬁe'g filofide was
gradually supplied to the second tank 6. The lithium fluoride quickly dissolved in the organic solvent
containingfie bororsfiflubiige andiTeasiea ititHehdroR 2BRHROTILRIN H¥'Gfganic Soifent. Thus,

530.6 g of a lithium tetrafluoroborate sojution was obtained ghe second step%h[g049] In addition, 500 g

of diethyl GRbEITEE S addistF (125 thet St AEnR 3° afid e s opration as described

F-P11173SF(SG), , , ,
solution was removed by distillation under the reduced

5 pressure produced by the air pump 12. After the removal by
distillation, 3,350 g of a lithium tetrafluoroborate
solution was obtained by withdrawing from the third tank 10.
The diethyl carbonate asscciated with the boron trifluoride
gas removed by distillation was removed using the condenser

10 13. Subsequently, the boron trifluoride gas removed by
distillation was merged with the raw material boron
trifluoride gas and reused. The amount of the supply ot
the mixture of the raw material boren trifluoride gas and
the boron triflucride gas removed by distillation was kept

15 at 3.41 g/minute.

[0046]

The insoluble component content, the free acid
content, and the water content of the diethyl carbonate
solution of lithium tetrafluorcborate obtained in this way

20 were 10 ppmw or less, 10 ppmw or less, and 10 ppmw or less,
respectively. The pressure of the resulting diethyl
carbonate solution of lithium tetrafluoroborate was further
reduced at 40°C so that a white solid was obtained by
distillation removal of the diethyl carbonate. BAs a result

25 of XRD analysis, the white sclid was confirmed to be
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above was performed (the third step). A 275 g portion of the resulting lithium tetrafluoroborate solution
was withdrawn to the third tank 10 and kept at a constant temperature Ofﬁz—%’ﬁ%%{f% of lithium
fluoride, which 5 was stoichiometrically equivalent to the excess amount of dissolved boron trifluoride,
was added. [0050] The insoluble component content, the free acid content, and the water content of
the diethyl carbonate 10 solution of lithium tetrafluoroborate obtained in this way were 10 ppmw or
less, 10 ppmw or less, and 10 ppmw or less, respectively. The pressure of the resulting diethyl
carbonate dalttionof lithiune tetraftugroboerate. was further reduced at 40C by the air pump 12 so that a
white solid 15 was obtained by distillation removal of the diethyl carbonate. As a result of XRD
analysis, the4yHite solid was confirmed to be lithium tetrafluoroborate. [0051] (Example 3) 20This
example was performed using the apparatus shown in Fig. 2. Commercially-available, battery-grade,
diethyl carbGmat@ P Bpralv in water content) and ethylene carbonate (7 ppmw in water content) were
added in amounts of 250 g and 250 g, respectively, to the second tank 6 made of 25 fluororesin, and

supplied to the top of'the SECURR B-PERI A$EF(QEJeC using the apparatus shown

5 in Fig. Z. Commercially-available, battery-grade, diethyl
carbonate (9 ppmw in water content) was added in an amount
of 500 g to the second tank ¢ made of fluororesin, and
supplied to the top of the second absorption tower S and
circulated by the pump 7. The second tank & was kept at a

10 constant temperature of 20°C using the cocler 8.
Subsequently, boron trifluoride gas was supplied at a flow
rate of 0.5 L/minute to the bottom of the second abscrpiion
tower 5 for 16.7 minutes, so that 22.6 g of boron
trifluoride gas was introduced (the first step).

15 (0048]

Subsequently, 8.0 g of lithium fluoride as the
fluoride was gradually supplied to the second tank 6. The
lithium fluoride guickly dissolved in the crganic solvent
containing the boron trifluoride and reacted with the boron

20 trifluoride in the organic solvent. Thus, 530.6 g of a
lithium tetrafluorcborate scluticn was obtained (the second
step).

[0049]
In addition, 500 g of diethvyl carbonate was added teo

25 the second tank 6, and the same operation as described

23



absorption tower 5 and circulated by the pump 7. The second tank 6 was kept at a constant
temperature of 20C using the cooler 8. Subsequently, boron trifluoride gas t"@?ﬁ@@ﬂﬁ%@ﬁ a flow rate
of 0.5 L/minute to the bottom 5 of the second absorption tower 5 for 25.5 minutes, so that 34.6 g of
boron trifluoride gas was introduced (the first step). [0052] Subsequently, 13.0 g of lithium fluoride as
the 10 fluoride was gradually supplied to the second tank 6. The lithium fluoride quickly dissolved in
the organic solvent containing the boron trifluoride and reacted with the boron trifluoride in the organic
solvent. Thaispa67 Bag obe titliumetdtrafibisrobbrate sehripn was oBiéinad gheséeond I5step). [0053]
In addition, 250 g of diethyl carbonate and 250 g of ethylene carbonate were added to the second tank
6, and the s&rmesperationds Hesedbad b6vawas perforniad tthehird 207st&H) A 275 g portion of
the resulting lithium tetrafluoroborate solution was withdrawn to the third tank 10 and kept at a

constant tefipratiie B PBCt Afid Ghtéxbeslf diddofied HEFEIT triffuctide Was-ftroved by distillation

under the reduced pressure produced by the air 25 pump_12. The insoluble component content, the
ﬂeeackiFEPTEf7@§F@§3Ff 20°C, and 0.335 ¢g of lithium fluoride, which

5 was stoichicmetrically equivalent to the excess amount of
dissocolved boron trifluoride, was added.
[00501
The insocluble component content, the free acid
content, and the water content of the diethyl carbonate

10 sclution of lithium tetrafluorcoborate obtained in this way
were 10 ppmw or less, 10 ppmw or less, and 10 ppmw or less,
respectively. The pressure of the resulting diethyl
carbonate solution of lithium tetrafluoroborate was further
reduced at 40°C by the air pump 12 so that a white solid

15 was obtained by distillation removal of the diethyl
carbonate. As a result of XRD analysis, the white solid
was confirmed to be lithium tetrafluocrcborate.

[0051]
(Example 3)

20 This example was performed using the apparatus shown
in Fig. 2. Commercially-available, battery-grade, diethyl
carbonate {9 ppmw in water content) and ethylene carbonate
(7 ppmw in water content) were added in amounts of 250 g
and 250 g, respectively, to the second tank & made c¢f

25 fluororesin, and supplied to the top of the second
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content, and the water content of the diethyl carbonate/ethyl carbonate solution of lithium
tetrafluoroborate obtained in this way were 10 ppmw or less, 10 ppmw of less; and<Opmw or less,
respectively. 5[0054] Next, the solution obtained in this way was used to form a coin-type
non-aqueous electrolyte lithium secondary battery as shown in Fig. 3, and then evaluated for its
performance as an electrolyte by a charge/discharge test. 10 Specifically, the procedures described
below were performed. [0055] <Preparation of Negative Electrode 22> Natural graphite and
polyvinylidehe fluptidetPVaFi:4s 2 FiRding agent wers nitved-iita Weight fatio ©#9:1, and 15
N-methylpyrrolidone was added to the mixture to form a paste. The paste was uniformly applied to a
22 pm thickeopper foinisirfy am appksstorfor &lcetdEedoatiigTHEe protiRt Wasadticd under vacuum
at 120C for 8 hours and then formed into a negative electrode 22 with g diamegar of 20 16 mm using

an electrodtSpCHING niehiiet [(056FLBrEparaib-or PSSV ElRttrod8 21579 92%ico02 powder,

acetylene black as a conduction aid, .and PVdF as a hingdi ent were mi i eight ratio of 25
90:5:5, and"ﬁﬁm%ﬂﬁﬁgﬁr? iddhe Was-sdded goeth%%:@(fugrlen?f HLLEETRLERE A

5 of the second absorption tower 5 for 25.5 minutes, so that
34.6 g of boron trifluoride gas was introduced {(the first
step).

[0052]
Subsequently, 13.0 g of lithium fluoride as the
10 fluoride was gradually supplied to the second tank 6. The
lithium fluoride quickly dissolved in the organic sclvent
containing the boron trifluoride and reacted with the boron
trifluocride in the organic solvent. Thus, 457.6 g of a
lithium tetrafluoroborate solution was cbtained (the second
15 step).
[0053]

In addition, 250 g of diethyl carbonate and 250 g of
ethylene carbonate were added to the second tank &, and the
same operation as described above was performed (the third

20 step). A 275 g portion of the resulting lithium
tetrafluorcborate solution was withdrawn to the third tank
10 and kept at a constant temperature of 20°C, and an
excess of dissolved boron trifluoride was removed by
distillation under the reduced pressure produced by the air

25 pump 12. The insoluble component content, the free acid

25



F-P11173SF(SG) form a paste. The paste was uniformly applied to a 22 p.m thick copper foil using an
applicator for electrode coating. The product was dried under vacuum a120G for:& hegrsand then
formed into a positive electrode 21 with a diameter of 16 mm using an electrode punching machine.
[0057] <Preparation of Coin-Type Non-Aqueous Electrolyte Lithium Secondary Battery > The positive
electrode 21 was placed on the bottom of 10 a positive electrode case 24, and a porous polypropylene
separator 23 was placed thereon. Subsequently, the non-aqueous electrolyte prepared in Example 2
was injectewirtetiie casel aridsa gaskat 26owas risetted: BBbSEqUEnTY, the negative electrode 22, a
spacer 27, a spring 28, and a 15 negative electrode case 25 were sequentially placed on the separator

23, and thE€ apeAMYSArEsHhe posh BEtr6@e thS9D4 Yhaslseaied By inwardly folding it with a coin
type battery caulking machine, so that a non-aqueous electrolyte lithium secondary battery was
X% ST COach SO ik, arers

|
obtained. 26 SHBEETERR CHE Gttty WA charged at & ARt SF94 mA, and when a

voltage of 4.%VV was reached, the baéie{'L Wasrr%paé e%%tsa constant voltage ?4.1 V for 1 hour.
Dischargingg é’&ﬁ%’ﬁéﬁné&gfa\ cBRStant chiffent of 1.0 MA Unfila egltage ofl .0 V was reached. When

a 25 vpltag f53(]') V was reached, the voltage was kept at 3.0 V F-P111735F(SG) for 1 hour, and
chargé/discharge cycles were performed for a charge/discharge test. As a result, a charge/discharge

efficiency of about 100% was obtained, and the-charaing capaeitewas pof,shangedsafier 150
charge/discharge cycles.
form a coin-type non-agueous electrolyte lithium secondary
battery as shown in Fig. 3, and then evaluated for its
performance as an electrolyte by a charge/discharge test.
10 Specifically, the procedures described below were performed.
[0055]
<Preparation of Negative Electrode 22>
Natural graphite and polyvinylidene fluoride (PVdE)
as a binding agent were mixed in a weight ratioc of 9:1, and
15 N-methylpyrrolidone was added to the mixture to form a
paste. The paste was uniformly applied to a 22 um thick
copper foil using an applicator for electrode coating. The
product was dried under vacuum at 120°C for 8 hours and
then formed into a negative electrode 22 with a diameter of
20 16 mm using an electrode punching machine.
[0056]
<Preparation of Positive Electrode 21>
1LiCo0, powder, acetylene black as a conduction aid,
and PVdAF as a binding agent were mixed in a weight ratio of

25 980:5:5, and N-methylpyrrolidone was added to the mixture to
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5[0058] (Example 4) This example was performed using the apparatus shown in Fig. 2.
Commercially-available dehydrated methanol (9 ppmw in water contentfFwas Bddedrn &m;amount of
500 g to 10 the second tank 6 made of fluororesin, and using the pump 7, the organic solvent was
introduced into the top of the second absorption tower 5 and circulated. The second tank 6 was kept at
a constant temperature of 20C using the cooler 8. Subsequently, boron trifluoride gas was supplied 15
at a flow rate of 0.5 L/minute to the bottom of the second absorption tower 5 for 25.5 minutes, so that
34.6 g of borom taflucritlecgas Was imesdifcad@he fitst Ep}.Y 08B Sa6sequently 218" g of lithium
fluoride was 20 gradually supplied to the second tank 6. The lithium flijorige ickl di,gsolved in the
organic soVehE BoRmRG the bromtriftdofide ARE T&SAEE Withthe Hors 1] u%rigga}n the organic

solvent. Thus, 457.6 g of a lithium tetrafluoroborate solution [
F_p11173§|h65(§)rodgct was dried under vacuulflnloatW%SZSDéaIQ%q:(tgehsggggda%?gtep)'

then formed into a positive electrode 21 with a diameter of
5 16 mm using an electrode punching machine.
[0057]
<Preparation of Coin-Type Non-Agueous Electrolyte Lithium
Secondary Battery >
The positive electrode 21 was placed on the bottom of

10 a positive electrode case 24, and a porous polypropylene
separatcr 23 was placed thereon. Subseguently, the non-
aqueous electrolyte prepared in Example 2 was injected into
the case, and a gasket 26 was inserted. Subseguently, the
negative electrode 22, a spacer 27, a spring 28, and a

15 negative electrode case 25 were seguentially placed on the
separator 23, and the opening part of the positive
electrode case 24 was sealed by inwardly folding it with a
coin type battery caulking machine, so that a non-agueous
electrolyte lithium secondary battery was obtained.

20 Subseguently, the battery was charged at a cocnstant current
of 0.4 mA, and when a voltage of 4.1 V was reached, the
battery was charged at a constant voltage of 4.1V for 1
hour. Discharging was performed at a constant current of
1.0 mA until a voltage of 3.0 V was reached. When a

25 voltage of 3.0 V was reached, the voltage was kept at 3.0V
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[0060] In addition, SOO g of methanol was added to the second tank 6, and the same operation as
described above was performed (the third step). A 275 g portion of the Stesyitingdifiuas,
tetrafluoroborate solution was withdrawn to the third tank 10 and kept at a constant temperature of
20C, and an excess of dissolved boron trifluoride was removed by distillation under the reduced
pressure produced by the air pump 12. 10[0061] The insoluble component content, the free acid
content, and the water content of the methanol solution of lithium tetrafluoroborate obtained in this way
were 10 pgimw or 1853110 Vi Bss; /ZhSTD ppafv 6 Iess SredpEativiedy: ASTOTER] Next, the
resulting methanol solution of lithium tetrafluoroborate was kept at a constant temperature of 60C, and
the metharfol siescg@{ia iy evagsratderBy: nitrdgerfbdsBlihg at SELATARGERS 46 HestPRARe solid was 20
precipitated. The solution was subjected to filtration, and the methanol was purged from the resulting
white solidSHith-5 1 ARTGLE of ARFOEn Ht 8DCT2S & Peif i HRBAPalysFs, iﬁu‘@?&]{ﬂ%g white solid

was confirned to be tyum tetiluproborafe, 25100631 FPALIISEER) o e oyetes.

5 [0058]
(Example 4)
This example was performed using the apparatus shown
in Fig. 2. Commercially-available dehydrated methancl (9
ppmw in water content) was added in an amount of 500 g to
10 the second tank 6 made of fluororesin, and using the pump 7,
the organic solvent was introduced into the top of the
second absorption tower 5 and circulated. The second tank
6 was kept at a constant temperature of 20°C using the
cooler B. Subsequently, boron trifluoride gas was supplied
15 at a flow rate of 0.5 L/minute to the bottom cf the second
absorption tower 5 for 25.5 minutes, so that 34.6 ¢ of
boron trifiuoride gas was introduced {the first step).
[0059]
Subseguently, 13.0 g of lithium fluoride was
20 gradually supplied to the second tank 6. The lithium
fluoride qguickly dissolved in the organic solvent
containing the boron trifluoride and reacted with the boron
triflucride in the organic solvent. Thus, 457.6 g of a
lithium tetrafluoroborate solution was obtained (the second

25 step; .
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(Example 5) This example was performed using the apparatus shown in Fig. 2.
Commercially-available, battery-grade, diethyl carbonate containing water_ (559 Pppw Q@@/ﬁter
content) was 5 added in an amount of 500 g to the second tank 6 made of fluororesin, and supplied to
the top of the second absorption tower 5 and circulated by the pump 7. The second tank 6 was kept at
a constant temperature of 20C using the cooler 8. Subsequently, boron trifluoride gas 10 was supplied
at a flow rate of 0.5 L/minute to the bottom of the second absorption tower 5 for 17 minutes, so that
22.6 g of bardhadifluoride gas was introduced (the first step). [0064] 15Subsequently, 8.0 g of lithium
fluoride as the fluoride was gradually supplied to the second tank 6. The lithium fluoride quickly
dissolved in the orgdhicg6lvéatsontaihthgithethateh aMiokide ahdrdagediwitht fife boron trifluoride in
the organic solvent. Thus, 530.6 g of a 20 lithium tetrafluoroborate solution was obtained (the second
step). [OOG@]%%HT&P]SO@ g BR ity caAThate 748 BHaRd S 1 SECoTPRANRSY BRd the same

operation as described 25ahove was performed (the thlrd steg) A 275 g portion. of
was performed (the third step} g portlon of the

5 resulting lithium tetrafluorcborate sclution was withdrawn
to the third tank 10 and kept at a constant temperature of
20°C, and an excess of dissolved boron trifluoride was
removed by distillation under the reduced pressure produced
by the air pump 12.

10 [0061]

The insoluble component content, the free acid
content, and the water content of the methanol sclution of
lithium tetraflucroborate obtained in this way were 10 ppmw
or less, 10 ppmw or less, and 10 ppmw or less, respectively.

15 [00e2]

Next, the resulting methancl solution of lithium
tetraflucroborate was kept at a constant temperature of
60°C, and the methancl was partially evaporated by nitrocgen
bubbling at % L/minute, so that a white solid was

20 precipitated. The solution was subjected to filtration,
and the methanol was purged from the resulting white solid
with 5 L/minute of nitrogen at 60°C. As a result of XRD
analysis, the resulting white sclid was confirmed to be
Ilithium tetrafluoroborate.

25 [0063]
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F-P11173SE(SG) the resulting lithium tetrafluoroborate solution was withdrawn to the third tank 10 and
kept at a constant temperature of 20C, and an excess of dissolved borontriflyioride g\éa%r@moved by
distillation under reduced 5 pressure. The insoluble component content, the free acid content, and the
water content of the diethyl carbonate solution of lithium tetrafluoroborate obtained in this way were 30
ppmw, 130 ppmw, and 400 ppmw, respectively. As in Example 3, this solution was used to form a
coin-type non- 10 aqueous electrolyte lithium secondary battery, and then evaluated for its
performanceiasiap ketecinolyte by a charge/discharge test. As a result, electrolysis of water was
induced with the initial charge/discharge efficiency. The reduction in the charging capacity was able to
be 15 controlled to Eboat 26 Efiar F505cIRFgé/isthargedyctes: BlighPergaisicn 6h@iercoin cell was
observed after the 150 cycles. [0066] (Comparative Example 1) 20This comparative example was
performed &i8ingtHe apparaRESHoRIEhIRIgal Cdmmetcialit v Siabie i@y -grsde! tethyl
carbonate (9 ppmw in water content) was added in_an amount of 3 L to the first and second tanks 2

and 6, respettival) A& RTALRGHHIBrSrR5RT ald WlePB5 the: Sp&tatish of BFEfIRGdN HitBugh each
absor%tion tower Fﬁlll?fﬁSFﬁ?G‘? %re%d g@(‘dﬂ tan V\(ﬁ}startgg ug(iipgtthe umps %gngfl At this time,
the flow rata& st the pu%rbsaémg 47 Wéreboth 4 Lifninuts. THE fifs tan%népand € Second tank 6 were
kept at a cog’isé%rg Otggl lelzfs}tugel,1 8f %%%p%gn&thg Jir%th%oqcl%r p4 g@ngﬁge ggggt‘ﬁ% cooler 8, respectively.
absorption tower 5 and circulated by the pump 7. The
second tank 6 was kept at a constant temperature of 20°C
using the cooler 8. Subsequently, boron trifluoride gas
10 was supplied at a flow rate ¢f 0.5 L/minute to the bottom
0of the sscond absorption tower 5 for 17 minutes, so that
22.6 g of boron triflucoride gas was introduced (the first
step) .
[0064]
15 Subseguently, 8.0 g of lithium fluoride as the
fluoride was gradually supplied to the second tank 6. The
lithium fluoride guickly dissolved in the c¢rganic solvent
containing the boron trifluoride and reacted with the boron
trifluoride in the organic sclvent. Thus, 530.6 g of a
20 lithium tetrafluoroborate solution was obtained {(the second
step) .
[0065]
In addition, 500 ¢ of diethyl carbonate was added to
the second tank 6, and the same operatiocn as described

25 above was performed (the third step). A 275 g portion of
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[0067] Subsequently, the supply of boron trifluoride to the bottom of the second absorption tower 5
was started at a rate of 3.41 g/minute. After the boron trifluoride gas was:1Q abserbed irte,the organic
solvent for 2 minutes, the supply of lithium fluoride to the second tank 6 was started at a rate of 1.55
g/minute. Sixty minutes after the start of the supply of lithium fluoride, the second absorption tower 5
was clogged with lithium fluoride slurry so that the 15 operation was made difficult. DESCRIPTION OF
REFERENCE CHARACTERS [0068] 1: First absorption tower 202: First tank 3, 7, 11: Pumps

4: First codiérs:rSecohdialssobptidnitowere t ra £ 182 Sdeond 18nke258: ' Sétoridécooler

withdrawn to the third tank 10 and kept at a constant

temperature of 20°C, and an excess of dissclved boron
rifluoride was removed by distillation under reduced

5 pressure. The insoluble component content, the free acid

content, and the water content ¢f the diethyl carbonate
solution of lithium tetrafluoroborate obtained in this way

were 30 ppmw, 130 ppmw, and 400 ppmw, respectively. As in
Example 3, this solution was used to form a coin-type non-

10 agueous electrolyte lithium secondary battery, and then
evaluated for its performance as an electrolyte by a
charge/discharge test. As a result, electrolysis of water
was induced with the initial charge/discharge efficiency.
The reduction in the charging capacity was able to be

15 controlled to about 20% after 150 charge/discharge cycles.
Slight expansion of the coin cell was observed after the
150 cycles.

[0Ce6]
(Comparative Example 1)

20 This comparative example was performed using the
apparatus shown in Fig. 1. Commercially-available,
battery-grade, diethyl carbonate (9 ppmw in water content)
was added in an amount of 3 L te the first and second tanks
2 and 6, respectively, each made of flucroresin, and then

25 the operation of circulation through each absorptiocn tower
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F-P11173SF(SG) 9 Degassing tower 10: Third tank 12: Air pump 13: Condenser 21: Positive
electrqde 22: Negative electrode 23: Porous separator 24: Positive electroge casesr (sc) 25:
Negative electrode case 1026: Gasket 27: Spacer 28: Spring F-P11173SF(SG)

and each tank was started using the pumps 3 and 7. At this
time, the flow rates of the pumps 3 and 7 were both 1
L/minute. The first tank 2 and the second tank 6 were kept
at a constant temperature of 20°C using the first cooler 4
5 and the second cooler 8, respectively.
[0067]
Subsequently, the supply of boron trifluoride to the
pottom of the second absorption tower 5 was started at a
rate of 3.41 g/minute. After the boron trifluoride gas was
10 absorbed into the organic solvent for 2 minutes, the supply
of lithium fluoride to the second tank ¢ was started at a
rate of 1.55 g/minute. Sixty minutes after the start of
the supply of lithium fluoride, the second abgsorption tower
5 was clogged with lithium fluoride slurry so that the

15 operation was made difficult.

DESCRIPTION CF REFERENCE CHARACTERS
[0068]
1: First absorption tower
20 2: First tank
3, 7, 11: Pumps
4: First cooler
5: Second abscrption tower
6: Second tank

25 8: Second cocler
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CLAIMS 1. A method for producing a tetrafluoroborate, comprising: 5a first step comprising
dissolving boron trifluoride gas in an organic solvent; a second stepgcomprising adding, to the
organic solvent, a fluoride (MFn, wherein M represents a metal or NH4, and 1.-n--3) in an amount
stoichiometrically equivalent 10 to or less than the amount of the boron trifluoride so that a
tetrafluoroborate solution is produced; and a third step comprising circulating the tetrafluoroborate
solution through the first step so that the boron trifluoride gas is dissolved in the 15 tetrafluoroborate
solution instead of ¥ie BRfETE $619eR€"EL 2. The method for producing a tetrafluoroborate according
to claim 1, wherein the organic solvent is at least one of a non-aqueous organic solvent or a
non-aqueous 20 io}lﬂz:liﬂﬁ&rd tLanine method for producing a tetrafluoroborate according to claim 1,
wherein the organic solvent used has a water content of 100 ppmw or less. 25 F-P11173SF(SG)

4. The method for ﬁ?oﬂu%i]rf@ &'t8Fafluoroborate according to claim 1, wherein the first step and the
third step are perfO{rygdéjosrilra%%g g}psorption tower.

5 21: Positive electrode
22: Negative electrode
23: Porous separator
24: Positive electrode case

25: Negative electrode case

10 26: Gasket
27: Spacer
28: Spring
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55. The method for producing a tetrafluoroborate according to claim 1, wherein in the first step, the
boron trifiuoride gas is brought into gas-liquid contact with the organic SO%"-%’H-IF %gpgggﬁture of -40
to 100C. 106. The method for producing a tetrafluoroborate according to claim 1, wherein in the third
step, the boron trifluoride gas is brought into gas-liquid contact with the tetrafluoroborate solution at a
temperature of -40 to 100C. 157. The method for producing a tetrafluoroborate according to claim 1,
wherein in the first step, the concentration of the boron trifluoride in the organic solvent is 15% by
weight or less. 208. The method for producing @ltetraftuoroborate according to claim 1, wherein in the
third step, the concentration of the boron trifluoride in the tetrafluoroborate solution is 15% by weight or
less. 259. An electrolyte comprising a tetrafluoroborate F-P11173SF(SG) obtained by the method

according to claim 1. 10. An electrical storage device comprising the electrolyte according to claim
9. 1. A method for producing a tetrafluorocborate,
cemprising:
5 a first step comprising dissolving boron trifluoride

gas in an organic solwvent;

a second step comprising adding, to the organic
scolvent, a fluoride (MF., wherein M represents a metal or
NHy, and 1£n=<3) in an amount stoichiometrically equivalent

10 to or less than the amount of the boron trifluoride so that

a tetrafluoroborate scolution is produced; and

a third step comprising circulating the
tetrafluoroborate solution through the first step so that
the boron triflucride gas is dissolved in the

15 tetrafluorcborate solution instead of the organic solvent.

2. The method for producing a tetrafluorocborate
according to claim 1, wherein the organic solvent is at
least one of a non-agueous organic solvent or a non-agueocus

20  dilonic liguid.

3. The method for producing a tetrafluorcborate
according to claim 1, wherein the organic solvent used has
a water content of 100 ppmw or less.

Z5h
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F-P111733F(5G)

4. The method for producing a tetraflucrcborate
according to claim 1, wherein the first step and the third

step are performed using an abscrptiocn tower.

5. The method for producing a tetrafluorchkhorate
according to claim 1, wherein in the first step, the boron
trifluoride gas is brought into gas-liguid contact with the

organic sclvent at a temperature of -40 to 100°C.

€. The method for producing a tetraflucroborate
according to claim 1, wherein in the third step, the boron
triflucride gas i1s brought into gas-liquid contact with the

tetrafluorcborate solution at a temperature of -40 to 100°C.

7. The method for producing a tetrafluorchorate
according to claim 1, wherein in the first step, the
concentration of the borcen trifluocride in the organic

solvent is 15% by weight or less.

8. The method for producing a tetraflucoroborate
according to c¢laim 1, wherein in the third step, the
concentration of the boreon trifluoride in the

tetrafluoroborate solution is 15% by weight or less.

9. An electrolyte comprising a tetrafluorckorate
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F-P111735F (SG)

obtained by the method according to claim 1.

10. An electrical storage device comprising the

electrolyte according to claim 9.

36



