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PRODUCTION OF LITHIUM HEXAFLUOROPHOSPHATE

A method of producing lithium hexafluorophosphate (LiPFs) includes fluorinating lithium phosphate (LiF) by
reacting it with a fluorination agent in a liquid medium that is non-reactive with, i.e. is inert to, the fluorination agent,
thereby producing LiPFe.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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PRODUCTION OF LITHIUM HEXAFLUOROPHOSPHATE

FIELD OF THE INVENTION

THIS INVENTION relates to the production of lithium hexatluorophosphate.  The invention
provides a mecthod of producing lithiwm hexafluorophosphate, and extends to  lithium
hexatluorophosphate produced in accordance with the method. The invention also extends to a
method of producing an ¢lectrolyte, and extends to an electrolyte prodiced in accordance with the
method. The mvention also provides an electric battery and a method of manufacturing an ¢lectric

battery. The invention further provides another method of producing an clectrolyte.

BACKGROUND TO THE INVENTION
IT IS KNOWN to use lithium hexafluorophosphate (LiPF;} as an electrolyte in lithium ion

batteries.

Conventional preparation methods of LiPF, include wet chemical svnthests methods in agueous

reaction conditions and dry synthesis methods in non-agqueous conditions.

A common rmethod of prepanng LiPF; using a wet chemical preparation method involves
svnthesizing water stable organic complexes such as pyvridinium or tetraacetomtrilolithium
hexafluorophosphate, and converting the complexes imto solvated LiPF;. The pyridinium cation is
preferred to the acetonitrile cation as the latter poorly dissolves the lithium base used in a
subscquent  reaction to substitute the organic cation. However, tetraacetonitrifolithium
hexatluorophosphate complex produced by a reaction of LiF salt and PFs gas in the presence of
acetonitrile allows low temperature decomposition of the complex in vacuum (20 °C}) to produce

high purity LiPF;.

Vartous phosphorus halides and a solution of pyndinium poly (hvdrogen fluoride) has been used to
synthesize the pyndinium hexafluorophosphate complex, and further reacted the complex with
alkali metal hydroxides to obtain their corresponding hexafluorophosphate complexes. Although
several alkali-PFg salts are stable in sulphuric acid, LiPF 1s very unstable and cannot be isolated
due to the presence of water in the intermediate products. Reaction Equations 1.1 and .2 show the

chemieal reactions involved during the fonmation of the hexatluorophosphate complex:

PZX, + C:HINH F(HF), — (CHNHPF; + H.Z + 3HX (Eq. A)
PX: + CHNH F(HF), b CHNH PF, + SHX {Eq. B)

where
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7 1s oxvgen or sulphur; and

X 1s chlorine or bromine.

It 1s also known that hexatluorophosphate complexes of ammonia and alkali metals can be
prepared by reacting aramonium or alkali metal fluorides with phosphorus pentachloride, however.

the subsequent 1solation process is tedious and time consuming as the vields are very low.

Another preparation method of LiPF, using wet chemical svnthesis involves reacting
hexaftuorophosphoric acid with pynidine to torm the complex, and then exchanging the pyridinium
cation with a hithium cation from a hydroxide or alkoxide to obtain a LiPF pyridine complex
which can be treated further to produce high purity LiPF,. This is illustrated in Equations 1.3 and

1.4:

HPF, + C;HN —&  (;HNPF; (Eq. C)
C:H:NHPF; + LiOH + CH;0H R o LiPF;.C:H:N (Eq. D)

The lithium bas¢ used in this method 1s dissolved in an alcohol media to avoid a subsequent
reaction between the synthesized LiPF and water. This method is based on the fact that alkah
metal jons trom corresponding hydroxides are easily exchanged with the pyndimum cation. The
pyridinium hexafluorophosphate yield is approximately 70%, and a further 96% LiPF; crystalline
product is obtained from a subsequent reaction ot the complex with a lithium base and drying the

product in a partial vacuum at 39 °C.

Hexafluorophosphorie acid may also be reacted with lithium hydroxide in water to form LiPF,
however, the formed ¢lectrolyte quickly hvdrolvzes and precipitate in the form of various other
species such as PO,F, PO, and HPO.F . Another disadvantage associated with this preparation
method includes the use of hexafluorophosphoric acid which is a mixture of several weak acids
resulting from gradual decomposition of the HPF; itself. Thercfore, the amount of PF, 1on
available to react is not always known. This requires that a preliminary titration be undertaken
between the acid and an atkali hydroxide to determine the cxact stoichiometry of the PF¢ 1on in the

acid before neutralization with pynidine.

Other wet chemical synthesis methods involve the reactions of lithium  sources and
hexafluorophosphate  salts 1n varous solvents. The reaction of TLiH with NHPF,

dimethoxvethane (DME) 1s one such an example as shown in Equation 1.5:
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DME
NH.PF; o + LiH, — LiPFgq + NHag, + Hyg, (Eq. E)

In this chemical process, an ether with at least two functionalities and enough spacing to complex a
lithium ligand. for example, I,2-dimcthoxvethane is used to dissolve the ammonium
hexatluorophosphate salt. The complex 2DME.LiPF;, ammonia and hvdrogen gas are formed as
products. The complex 1s stable and 1s further dissolved in an electrolvte solvent for applications in

batteries. however, the ether 1s difficult to remove and will feature in the final electrolyte.

To eliminate the ether interference, the reaction between a hithium source, for example LiH, and
NH,PF; can be carried out directly in a solvent to be used in the final electrolyte. At least one of
the reactants must be soluble and the other should be insoluble 1n the solvent used so that excess
salts can be eastly removed via precipitation from the electrolyte. It a two solvent process is carried
out, then the nitial solvent used must be non-protic, have high solubility for the lithium compound
used and possess a low boiling point. A more viscous. high boiling point solvent, such as ethylene
carbonate (EC), can then be added as a co-solvent followed by the evaporation of the initial

solvent.

Lithium hexafluorophospbate may also be synthesized using LiF and PCls in water, however, low
vields are obtained with this preparation method. To mmprove on the yield, a chloride salt such as
LiCl or even LiF is dissolved in anhvdrous HF, and then PCls is slowly added to precipitate a

lithium hexafluorophosphate salt with a hugher vield.

A further method of prepanng LiPF, involves using PCl; and HF in an aphydrous organic solvent
of the type carbonic ethers and esters. The carbonates such as ethyl carbonate and other related
solvents react and form adducts with PF; gas. Not only is the reaction of PF; and the solvent a
challenge when this preparation method 1s used, but the introduction of HF is not desirable as it

will further react and ntroduce additional complications.

In light of the above. the following shortcomings associated with using wet chemical synthesis
methods for the preparation of LiPF; salt have been identified:
() The Li" 1on is too small to precipitate with a relatively larger PF;” ton; hence obtaining
LiPF, crystals directly from the solution is difficult.
(11) The LiPF; salt itselt is thermally unstable and will decompose during thermal

treatment to remove the solvent used.



a2
wn

A widely used method for the synthesis of LiPF, using non-aqueous conditions involves a reaction
between LiF and PFs gas to form LiPF;. Various drawbacks are associated with this method,
including the difficulty of handling poisonous PFs gas and low product purity (90-95%) compared
to the required punty of at least 99.9% of LiPF; uscd i battery applications. Excess LiF and LiHF,

are also formed as by-products in this preparation method.

This technique has been modified to improve the purity of the LiPF; product by reacting
acetonitnle with the obtained LiPF, to form tetraacetonitrilolithium hexafluorophosphate. which,

upon partial heating in vacuum, regenerates a purer LiPFg salt.

The LiPF; salt may also be synthesized by reacting lithium fluonde and bromine trifluoride in
excess phosphorous pentoxide. Other methods for LiPF, svnthesis involve in situ gencration of PFs
gas and 1ts subsequent reaction with a hithium source to form the LiPFg salt. This technique 1s said

to eliminate moisture ingress into the intermediates during the chemical reaction.

Solid state thermal reactions provide alternative dry synthesis methods to the gascous routes for the
preparation of LiPF,. A lithium source, for an example, may be reacted with a phosphate such as
ammonium phosphate at a lhigh temperature (300 °C) mn a solid state to form lithium
metaphosphate, which is then further reacted with ammonium fluonde at 150 °C to obtain LiPF;.

This 1s shown in Equations 1.6 and 1.7 below:

(NH):HPO; + LG ——— 2Li1P0O; + 4NH; + 3H0 (Eq. B)
LiPO, + 6NHF —— LiPF; + 6NH: + 3H,0 (Eq. G)

Solid state thermal reactions tend to be incomplete if powders are mixed as received and heated at
elevated temperatures. This, therefore, presents a challenge to thoroughly gnnd the reactants
together and press them 1mto pellets to facilitate contact between them. Despite the high
temperature and pressures needed to facilitate solid state reactions. these types of chemical
reactions are still the preferred reaction methods for producing advanced. highly ordered crystal
structures such as special ceramics, piezoelectnies and some scintillation crystals, hence the

technique may be used to produce highly crystalline LiPF.

The quest for water free and pure LiPF, electrolyte salt has also prompted the use of fluorine gas at
room temperature to make the salt. In contrast to using anhydrous hvdrogen fluoride as a solvent

during fluorination of LiF by PFs gas, the use of pure fluorine does not produce oxyfluorides of the
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form LiPO.F, as impurttics. These oxytluorides are partially dissolved in HF and therefore remain

as impurities in the final product.

It has been shown that LiPFs can be produced by reacting phosphorus with fluorine gas at a
temperature of 23°C to generate PFs gas. which, is then reacted 1n situ with LiF to produce LiPF.
The fluonne gas is first liquefied at -196 °C using liquid nitrogen, and then the temperature 1s
increased stepwise to -80 °C. where the reaction commenced. The reacton is allowed to occur
slowly until a temperature of 23 °C where the LiPF, production rate is high. The temperature is
further elevated to 156 °C to obtain a purer product. This technique is time consuming. and the

reaction 1s expected to be completed after 10 hr, which 1s expensive in terms of production time.

It is an object of the invention to at least alleviate the drawbacks mentioned above, and particularly

to minimize and more preferably to avoid completely the formation of HF.

SUMMARY OF THE INVENTION

IN ACCORDANCE WITH A FIRST ASPECT OF THE INVENTION [S PROVIDED a method
of producing lithium hexafluorophosphate (LiPF;}, the method including fluorinating lithium
fluoride (LiF) by reacting it with a fluorination agent in a liquid medium that 1s non-reactive with.

1.e. is inert to, the fluorination agent, thereby producing LiPF.

The reaction is theretore performed in the liquid medium.

The liquid medium may, in particular, be a perhalogenated organic compound.

In this specification “perfriogenaied” means, as is conventionally understood in the art of the
invention, a fully halogenated version of an organic compound. in that all of the hydrogen atoms of
the orgamic compound have been substituted with halogen atoms, thus providing the
perhalogenated organic compound. For example, if the organic compound is decalin {C;Hiy), the

perhalogenated organic compound is perfluorodecalin (CFyz).

However, the above meaning of “perficiogenaied” does not exclude

that the perhalogenated organic compound may be a virtually fully halogenated version of
the organic compound. in which case the perhalogenated organic compound may still include some
hydrogen atoms; and/or

that the perhalogenated organic compound is not a saturated organic compound, ¢.¢. that it

15 an alkene or an alkyne,
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and the mcaning afforded to “perhalogenated” in this specification is therefore broader in scope

than the conventional meaning.

In any event, the extent of halogenation of the organic compound. as embodied in the
3 23 g

perhalogenated organic compound when it provides the liquid medium, is preterably such that the

perhalogenated organic compound is inert to the fluorination agent, 1.¢. is non-reactive with the

fluorination agent, and is preferably a solvent for the fluonnation agent.

The LiF may be 1n solid, ¢.g. granular, form.

The fluorination agent may, in particular, be phosphorous pentafhuoride (PFs). Thus, fluorinating

the LiF may include reacting the LiF withPFs.

The PFs may, in particular, be gaseous PFs.

More particularly, reacting the LiF with gascous PF; may include
providing the LiF in the liquid medium. e.g. by dispersing it in the liquid medium when the
LiF is 1n solid fonm; and

dissolving PF;s in the liquid medium containing the LiF.

It will be appreciated that reacting the LiF with gascous PFs therefore does not necessarily include
dircctly contacting the LiF with gascous PFs. Instead, reacting the LiF with gaseous PFs would

include contacting the liquid medium that contains the LiF with gaseous PFs.

Typically, the liquid medium would consist of the perhalogenated organic compound, or

concelvably mixtures of two or more perhalogenated organic compounds.

As alluded to above, the perhalogenated organic compound is preferably inert to the PFs. In other

words. the perhalogenated organic compound may be non-reactive with the PFs.

In one embodiment of the invention, the perhalogenated orgamic compound may be a
perhalogenated alkane. For example, the perhalogenated alkane mav be a cyclic or non-cvelic
pertluorocarbon, preferably of the formula C(F, where x 1s an integer selected from I to 14 and v is
an integer selected from 4 to 20, such as perfluorodecalin or perfluoroheptanc or a non-cyelic

pertluorocarbon selected from CiFy and CoF g to CoFao.
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In another embodiment of the mvention. the perhalogenated organic compound may be a
pertluoroalkene. For example, the perfluoroalkene may be a perfluoroaromatic compound such as
hexafluorobenzene or a perfluoroaromatic compound selected from CF, to CyFe, or

tetrafluoroethvlene or a perfluoroalkene selected from C;F or CiFa.

It is envisaged that the perhalogenated organic compound may further be an ether, and particularly

a perfluorcalkene ether. A typical generic formula may be R-O-R”.

When the LiF 1s in solid form and provided that the liquid medium is not a solvent tor LiPF;, the
produced LiPFq would also typically be in solid form. Thus, the fluorination would convert the

LiF 1n solid form into LiPF; 1n solid form.

Typieally. the method may in such a case typically produce a mixture of LiPF in solid fonn and
unreacted LiF in solid form, in residual hiquid medium. The method may then include recovering
LiPF, in solid form and unreacted LiF in sohd form from the residual hiqumd medium. e.g. by

filtration.

When the produced LiPF; is 1n solid form, the method may include dissolving produced LiPF; in
solid form in a solvent therefor, thus providing a solution of produced LiPF,, tvpically after

recovering LiPFg 1n solid form and unreacted LiF in solid form.

Providing the solution of produced LiPF, may therefore be particularly applicable when the
method produces the mixture of LiPF¢ in solid form and wunreacted LiF in solid form as
heremnbefore descnbed. to recover LiPF; from the mixture of LiPFs in solid form and unreacted
LiF in solid form. Thus, the method may include treating the mixture of LiPF; in solid form and
unrcacted LiF in solid form with a solvent for LiPF; in solid forma. Tt will be appreciated in this

regard that the solvent for LiPF, in solid form would not be a solvent for LiF in solid form.

The solvent for LiPF; in solid form may be an electrolyte solvent. suitable for use in an electric
battery. For example. the solvent may be selected from ethvlene carbonate, propylene carbonate,

dimethyl carbonate, dimethyl ether, and muixtures thereof.

Temperature congitions for the reaction would preferably be selected such that the perhalogenated

organic compound would be 1n the liquid pbase.
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It is noted that the invention does not exclude the possibility that the liquid medium may be a
solvent for LiPF,, in the case of which the produced LiPF; would be in dissolved form in the liquid
medium, and not in solid form as hereinbefore described. In such an embodiment, no subsequent
dilution of produced LiPF; would be required and LiPF; in solution can then merely be separated

from unreacted LiF through filtration, thus directly obtaining dissolved LiPF,.

THE INVENTION EXTENDS. AS A SECOND ASPECT THEREOF, to LiPF; produced in

accordance with the method of the invention as hereinbefore described, 1n solid form or 1n solution.

IN ACCORDANCE WITH A THIRD ASPECT OF THE INVENTION IS PROVIDED a method
of producing an electrolyte. the method including

producing LiPF; in solid form, in accordance with the method of the first aspect of the
invention: and

dissolving the LiPF; in solid form in a solvent therefor.

The solvent for LiPF, in solid form may be an electrolyte solvent, suitable for use in an electric
battery. For example. the solvent may be selected from ethvlene carbonate, propylene carbonate,

dimethyl carbonate, dimethyl cther, and mixtures thereof.

THE INVENTION EXTENDS, AS A FOURTH ASPECT THEREOF. to an electrolvte produced

in accordance with the method of the third aspect of the invention.

The electrolyte may be an electrolyvte for an electnic battery,

IN ACCORDANCE WITH A FIFTH ASPECT OF THE INVENTION IS PROVIDED an clectric
battery including an electrolyte produced using LiPF; produced in accordance with the method of

the first aspect of the invention.

The electrolyte may be an electrolyte produced in accordance with the method of the third aspect

of the 1pvention.

IN ACCORDANCE WITH A SIXTH ASPECT OF THE INVENTION IS PROVIDED a method
of manufacturing an electric battery, the method including

producing an electrolyte in accordance with the method of the third aspect of the invention;
and

including the electrolvte 1n an electric battery.



16

9

IN ACCORDANCE WITH A SEVENTH ASPECT OF THE INVENTION IS PROVIDED a
method of producing an electrolyte, the method including producing LiPF, dissolved 1a a liquid
medium in accordance with the method of the first aspect of the invention, by performing the

mcthod of the first aspect of the invention in a liquid medium that is a solvent for LiPF.

EXAMPLES
EMBODIMENTS OF THE INVENTION will now be described by way of example only, with
reference to the following examples.

Example 1. Reaction between LiF and PI5s gas in the presence of a cyelic or polyeyelic

perfluorocarbon solvent

;

LiF in solid form 1s dispersed in liquid perfluorodecalin (CioF g), and PFs in gaseous form is

dissolved in the Cy:Fi¢liquid.

The reaction that takes place is in accordance with reaction equation 1:

LiF(s) + PFs (g) - >LiPF; (s) (Eq. 1)

The reaction temperature range is -18°C to 100 °C.

The reaction pressure range is 0 kPa to 1000 kPa.

Up to 99% recovery of LiPF; is achieved when produced LiPF; is dissolved in a solvent for LiPF;

in solid form, which solvent compriscs cthylene carbonate, propylene carbonate, dimethyl

carbonate, dimethyl ether, or any combination thereof.

perfliorocarbon solvent

LiF in solid form i1s dispersed in liquid perfluoroheptane or any non-cyclic perfluorocarbons of

range G Fs, and CgF 4 to CFy liguid.

The reaction that takes place 1s 1 accordance with reaction equation 1.
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The reaction temperature range 1s -94 °Cto 127 °C.

The reaction pressure range 1s 0 kPa to 1000 kPa.

Up to 99% recovery of LiPF; is achieved when produced LiPF; is dissolved in a solvent for LiPF

in solid torm, which solvent comprises ethvlene carbonate. propyvlene carbonate, dimethyl

carbonate. dimethy] ether, or anv combination thereof.

LiF 1n solid form 1s dispersed in liquid hexafluorobenzene or a perfluoroaromatic liguid compound

in the range C¢Fe to CoFs.

The reaction that takes place is in accordance with reaction equation 1.

The reaction temperature range 1s 3°C to 100 °C.

The reaction pressure range is 0 kPa to 1000 kPa.

Up to 99% recovery ot LiPF; 1s achieved when produced LiPF is dissolved i a solvent for LiPF;

in solid form, which solvent comprises ethyvlene carbonate, propvlene carbonate, dimethyl

carbonate, dimethyl ether, or any combination thereof.

. A reaction between LilF and FPFs gas in the presence of fluoroalkene solvent.

EiF in solid form is dispersed in liguid tetratfuorocthylene selvent (C.Fs) or a liguid fluoroalkene

compound sclected from C:F; or CyFs.

The reaction that takes place 1s in accordance with reaction equation 1.

The reaction teraperature range is -94°C to 100 °C.

The reaction pressure range is 0 kPa to 1000 kPa.

Up to 99% recovery of LiPF; 1s achieved when produced LiPF is dissolved 1n a solvent for LiPF;

in solid form. which solvent comprises cthylene carbonate, propylene carbonate, dimethyl

carbonate, dimethy] ether, or any combination thereof.,
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DISCUSSION
THE METHOQD OF THE FIRST ASPECT OF THE INVENTION uses an inert, non-corrosive,
non-poisonous liquid medium for the reaction of LiF and PFs instead of corrosive HF which is the

preferred liquid medium for this reaction in the art of the invention.

Thus the inventors have eliminated the need to remove the HF from the product through tiresome

purification processes such as vacuum distillation.

Furthermore, HF is known to be corrosive and reactive inside a battery, which makes its avoidance

for use as a liquid medium all the more desirable.

Some advantages associated with the liquid media exploited by the method of the invention are the
tollowing:
- itisinert in relation to PFs gas;
- 1tis inert in relation to the product LiPFs;
- 1t is not poisonous;
- it dissolves the PF; gas, making 1t readily accessible to the lithium fluoride without
mass transfer limitations;
- no azeotropic formation of PFs gas with the solvent is experienced. which tends to
compete with lithium fluonde for PF; gas in traditional HF involved processes; and

- the liquid media are non-corrosive.

Thus, the inventors have provided an attractive, utile and sustainable alternative for the production
of LiPF, which is particularly advantageous over pnor art processes. some of which have been

discussed herein.

CLAUSES

I A method of producing lithtum hexafluorophosphate {LiPF;} in solid form, the
method including fluorinating lithium fluoride (LiF} in solid form by reacting it with gascous
phosphorous pentafluoride (PFs). wherein the reaction is performed in a liquid medium that
comprises a perhalogenated organic compound that is inert to the PFs and 1s a solvent for the PFs,

thereby producing LiPF;1n solid form.
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2. The method according to clause 1, wherein reacting the LiF with gascous PF;
includes
dispersing the LiF in solid form 1n the liguid medium; and

dissolving gascous PFs in the liquid medium containing the LiF in solid form.

3 The method according to any of clauses 1 to 2, wherein the perhalogenated organic

compound is a pertluorocarbon.

4, The method according to clauses 3. wherein the perfluorocarbon is sclected from

cvelic and non-cyelie perfluoroalkanes, and cvclic and non-cyclic perfluorcalkenes.

s The method according to any of clauses 1 to 4. wherein the perfluorocarbon is

sclected from pertluorodecalin, perfluoroheptane, hexafluorobenzene, and tetrafluorocthyvlene.

6. The method according to any of clauses I to 5, which includes dissolving

produced LiPF; in solid form in a solvent for LiPF;.

7. The method according to clause 6, wherein the solvent for LiPFg is sclected from

ethylene carbonate, propyvlene carbonate, dimethyl carbonate, dimethvl ether, and mixtures thereof.
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CONCLUSIES

L. Een werkwijze voor de productie van lithinmhexafluorfosfaat (LiPF¢) in vaste
vorm, waarbij de methode fluoridering van lithiumfluoride (LiF) in vaste vorm omvat door het te
laten reageren met gasvormig fosforpentafluoride (PFs), waarbij de reactie wordt uitgevoerd in een
vloeibaar mediwm dat een geperhalogeneerde organische verbinding omvat die inert is voor de PFs

en een oplosmiddel is voor de PFs, waardoor LiPF in vaste vorm wordt geproduceerd.

2. Werkwijze volgens conclusie 1, waarbij het laten reageren van de LiF met
gasvormig PFs omvat
het verspreiden van de LiF in vaste vorm in het vloeibare medium; en

het oplossen van gasvormig PFs in het vloeibare medium dat het LiF in vaste vorm bevat.

3. Werkwijze volgens een van de conclusies 1 tot en met 2, met het kenmerk, dat de

geperhalogeneerde organische verbinding een perfluorkoolstof is.

4, Werkwijze volgens conclusie 3, waarbij de perfluorkoolstof wordt gekozen uit

cyclische en niet-cyclische perfluoralkanen, en cyclische en niet-cyclische perfluoralkenen.

5. Werkwijze volgens één van de conclusies | tot en met 4, waarbij de
perfluorkoolstof wordt gekozen uit perfluordecaline. perfluorheptaan, hexatluorbenzeen en

tetrafluorethyleen.

6. De werkwijze volgens één van de conclusies 1 tot en met 5, omvattende het

oplossen van geproduceerd LiPF in vaste vorm in een oplosmiddel voor LiPF.

7. De werkwijze volgens conclusie 6, waarbij het oplosmiddel voor LiPF; wordt
gekozen uit ethyleencarbonaat, propyleencarbonaat, dimethylcarbonaat, dimethylether en mengsels

daarvan.
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ABSTRACT
A method of producing lithium hexafluorophosphate (LiPF¢) includes fluorinating lithium

phosphate (LiF) by reacting it with a fluorination agent in a liquid medium that is non-reactive

with, i.e. is inert to, the fluorination agent, thereby producing LiPFs.
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Apphoativss Sunbesr

WRITTEN OPIRION NL2020883

Bog No.!  Basis of this ophion

£

This opinion hay bogy estabistiad on the Basis of the iatest set of clgims el belore thg sian of e ssach.

Withy ragardic any nusisatide andior amins acid sexguem& diacieed in the appiination and nacassanyio the
chims envmtw, (His cpinion has been sstablished on (he hesis of:

& tvpe of ateriat:

O asequence listing

[ tableds) relatedt fo the sequente listing
&, formal of material

8 onpaps

"\

83 i slectronic form
¢ time of Bingfurmishing:

{1 contained in the spphicaton ss fled.

{1 filed topetharwith the guplicstion in slsctronic form,

{1 furnished subsequently R the purposes of search.
i3 acdition, 0 e oRse Al more han one VerIst ST Ry o A SEUBRCs stng anddy alie relating Hheraty

has besn fled of furnished, the required statements that i?ia z%ar*m;?ia iy the subsenuent of additional

Q0TS i idention o el the appiicalion oy fHsd ordoss not g0 beyund e application ag iieg, g

appropigte, wars fumished.

. Additionat comments!

Box Mo. ¥ Beasoned statument with regard (o novelly, inventive stepror fisdustiral applicabiity
sitations and sxplanations supporting such statement

b

"y

Statement
Novelty Yoz Claims 17

Nor  Clams

Yex: Giaims
N Clalns 3.7

inventlva st

4

industrial applivabiily Yag: Clalms 3=
Noo  Okaims

Citationa and explanationg

sop senarais shest

ELRATR {July ROG8

b3



WRITTEN OPINIGN Apglication manbar

{SEPABATE SHEET) NL2ZOR08R3
Raellem ¥V

Reasoned stalement with regard o novelly, nverdive step or industrial
appHcability: citstions and explanations supporting such siatement

Relgren

D1
{

3
{

o s made to the following docwments:

US 2016080310 At (LINDER THOMAS IDE] ET AL) 81 masn 203
(2018-0331)

o

US 20147200816 AT {BARGIA-JUAN PLACIDQ [DE] ET ALy 24 jul 2014

Inventive step

The present application does not meet the oriteria of paienmability, because the

subject-m

13

S5
3

atter of claims 1-7 does not involve an inventive step.
21 ts regarded as being the pror il closeat to the sublect-matier of olaim 1,
and discinses a methad of producing thium hexafluorophosphate (LIPS} in
sotid formy, the method inciuding Hucringting Bthium Supnide (LIF) in solid farm
by reacting Rwith gasesus phosghorous pentafiuoride (PR, whergin the
reaction is performed in & fquid medium thal comprises a nivile (par. D013 -
g:x 831 ex. 1-51.
The subject-matter of olaim 1 therefore differs from this known methad iy that
the reastion iz performead in g liquid meditm that comprisss a prhalogenated
argame compound and is thereiors naw,

The problenmy o be solved by the prasent invention may therefore be e
as an alisrnative method for produsing lithium hexatlucroghosphats.

T

tgg
w‘
m,
S

02 discloses & method of produsing lithium hexaftucrophosphats in solid form
starting from LIF and POF; by using & flucrinated solvert such as
istraftucrosthylens carbonate {par. [DOB7LL

The featurs of chosing a fuorinaled solvent in which the reaction cant be
osrformed is mearsly one of ssveral straightforward possibiiiies from which the
siified parson would seiect, in accordancs with ciroumstances, without the
sxercise of inventive skill, in order (o solve the probiem posed.

The sclution propozed i clgim 1 of the preseni applicatics can theraicre not
e considersd g% involving an inventive step.

FR RNV AR (Sepann Sheety Lty 2B08Y 1xheet 33
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1.7 Dependant claims 2-7 do not appear o contain any addifionsd features whialy,
i combination with the features of any claim fo which they refer, meet the
requirsments of inventive step, the reasons being as follows:

~a,

1.8 01 alno disoloses that afterwards the prodused LIPF, iz dissolved in a solvent
for LiPF such as ethylene carbonate, LiF and PR are rsacted by disparsing
the LiF in solid form in the fiquid medium foltowed by dissolving the gaseous
PFy in the fiquid msdium containing the LiF (3 sofid form (par. [R013] - [0183]
EX. 1-9): The additiona! technival features of claims 2.8.7 are thewelore
sirescy known from D1,

1.8 D2 disciosss a method of m s ,\ng ithiurn hexaflugrophosphale in solid form
stariing from WF and PQF,; by using a Huotinated soivam such as

rafluorostiiviene ¢© fmnaie {par [PO3TH. The gdditional tschnical features
af cia;ms:‘: are therefore glready known fram D2,

(ny




