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conducti ve sal t&ing Carb%n-aé@m?ou%re éqr@@?‘r xRS EP £ 057  3R7 uRl.
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from gaseous ammonia through a solution of a corresponding

18 perfluorocalkane-bis-sulfonyl fluoride. Ring compounds
which are initially obtained in the form of the
ammonium salts are formed by this procedure. The imides
or imide salts with other cations can be obtained by an
exchange reaction.

20 It is known from WO 88/03331 that cyclic
perfluorocalkanebis {sulfonyl)imide salts prepared in
this way, such as, in particular, the corresponding
lithium salts, can be employed as conductive salts in
non-agueous electrolytes for lithium secondary

25  Dbatteries. '

It can be seen from EP 0 057 327 Bl that the
preparation process described therein gives only
product yields which are not very satisfactory. Our
studies confirm this, and furthermore show that the

30 target products are obtained in a form contaminated
with undesirable by-products and other impurities, from
which they can be separated off only with difficulty
and with further losses in yield. However, a high and
reproducible purity of these compounds is of essential

35 importance for use as a constituent of battery
electrolytes.

It has now been found that cyclic
perfluoroalkanebis (sulfonyl)imides and salts thereof
can be obtained in a virtually qguantitative yield and

40 in a form which is largely free £rom by-products and
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non- aqueous epeging! ¥Es ¥ifuild tdtiméMia., secondary batteries.

The invengion finall rel ates to on-agueous
fg Tﬁé 1nvent§on urthermore relates to the new

ammonium and lithium salts of cyclo-difluoromethanebis-
(sulfonyl)imide.

The invention moreover relates to the use of
lithium -cyclo-difluoromethanebis(sulfonyl)imide as a

20 conductive salt in non-aqueous electrolytes for lithium -

secondary -batteries.
“ The dinvention finally: relates to non-aqueous

electrolytes for lithium secondary batteries which = -

comprise the compound lithium c¢yclo-difluoromethanebis-
25 (sulfonyl)imide, and lithium secondary batteries which
comprise such electrolytes.

The process according to the invention starts
from the same non-¢yclic starting compounds and is
based in principle on the same cyclization reaction as

30 the known processes. However, an essential difference
is that in this case the starting compound is cyclized
in and at the temperature of liguid ammonia, the
reaction partner ammonia always bei: 1 present in excess
in the course of the reaction beca 3¢ of the reaction

35 conditions chosen. The formation of by-products and
impurities is presumably largely suppressed by this
excess ammonia and the low reaction temperature.

' Liquid ammonia is produced in a manner known
per se by condensation of ammonia gas with appropriate



electrolytes for lithium secondary batteries which conprise the
conmpound |ithiumcyclo-difluoronethanebis- 25 (sulfonyl)imde, and lithium

secondary batteries which conprise such el ectrol ytes. The
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solution. The addition can be carried out in small
portions, for example by dropwise addition, and the
thorough mixing can be carried out by stirring the
reaction mixture. It is to be ensured here that the’

20 reaction mixture is kept at the temperature of the"
liquid ammonia and corresponding heat of reaction  is
removed by coecling. When the reaction has ended and the
‘excess ammonia has been evaporated off, the target
product can be obtained in the form of the

25 corresponding ammonium salt by extracting the residue
with THF and removing the solvent. The reaction yield
is high to wvirtually quantitative. As a rule, further
purification operations are not necessary.

' The ammon ium cyclo-perfluoroalkanebis-

30 (sulfonyl)imides thus obtained can be converted into
_ the corresponding imides or into other metal salts by a
simple exchange reaction. Conversion into corresponding
lithium salts by reaction with lithium hydroxide is of
particular interest. This reaction also proceeds

35 wvirtually quantitatively without the formation of
by-products and impurities.

For this reaction, for example, the ammonium
compound is boiled with lithium hydroxide monohydrate
in THF until no further ammonia forms.
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colourless material found after several hours. Also
after storage in solution, £for example in organic
solvents, such as THF or acetonitrile, no changes in

colour can be found and no decomposition products are -

to be detected even after weeks.

For this reason alone, the new compound lithium
cyclo-difluoromethanebis (sulfonyl)imide according to
the invention is outstandingly suitable as a conductive
salt in non-aqueous electrolytes for lithium secondary
batteries.

In addition to organoclithium salts, as the
abovementioned compound is, such electrolytes comprise
one or more non-agueous organic solvents and, Aif
appropriate, further additives. Further details on such
electrolytes and the build-up and mode of functioning
of 1lithium secondary batteries are known to the
relevant expert. The compound according to the
invention c¢an be employed in complete analogy to the
lithium compounds known for this use. The compound
according to cthe invention likewise shows an
exceptional stability here. The corresponding battery
cells show outstanding properties in respect of
capacity and constant voltage and unrestricted
functional capacity over an above-average high number
of charging-discharging cycles.



5 can be obtained by the process according to the I nvention. These are
t he conmpounds cycl o-di fl uor o- met hanebi s(sul fonyl )i m de and t he
.correspondi ng ammoni um and |ithium salts. Agai nst generally
accepted expectations, it has 10 furthernore been f ound t hat t he
abovenent i onewo 93199 nenber ed ri ng conpeursds are excepti onal RGA/ERIZBASES
Thus, no deconpeghib®a #ccurs during dry storage at a t enper at ure of
100C. Only fromtenperatures above 230[err]C are slight yell ow

di scol orations of the otherwise 15 <colourless material found after
several hours. Ammpgdum cyetewmexfiliorgalikanest (R1R4f (sgfopydhirides or ganic
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chargi ng-di schargi ng cyphféng the exothermic reaction, the ammonium
fluoride which forms and also some of the ammonium
imide formed precipitate out. When the reaction -‘has
20 ended, the ammonia which remains 1is allowed ' to
. evaporate . by warming - the suspension to  room
temperature. The precipitate is extracted with 100 ml
of THF over a frit.
The combined THF solutions are freed from the
25 solvent by distillation and the colourless solid which
remains is dried in vacuo at 40°C.

Table 1: Ammonium cyclo-perfluoroalkane-1l,n-bis-
{sulfonyl)imides (n=1-3)
30
n Meduct Yield Mproduct Empirical
fg} . gl fg mol™") formula
l 43.22 29.42 g or 70% 210.17 CH,F,N,0,S,
2 53.23 44.75 g or 86% 260.18 C,H,F,N,0,S,

3 63.23 50.25 g or Bl% 310.19 C,H,F¢N,0,5S,
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Ammoni um cycl o- per fl uor oal kane- 1, n- bi s(sul fonyl )i m des 5 5 nm
of amnhydrous ammonia are condensed through a gas inlet tube into a
t wo- necked flask of 250 mM capacity which is cooled with dry ice
and prowvolersmds h an i ntensive cookeg {tenperature -70perEpidooss .
Thereafter, tlﬁ%ﬁt_ﬁ&ube I's replaced by a dropping 10 funnel and 55 ni
of dry THF are adde ropw se. A solution of 200 mmol of
the particular per fl uoroal kane-1, n-bi s(sul fonyl fluoride) (n = 1-3) in

100 M of THF lditdiumegystonperiinpnpalkang-den-bis(andfonyilkisides to the
THF-anmonia solution, while 15 stirring. During the dropw se addition,

the reactign flask s cool urther,wth_dry.ice. . . During
the exothePnic reacti ghls t e aﬁ\gf-bl&i unfmel )y Sggri d‘b"\%?‘ﬁ% f B¥YAEC%ideal so
sone of the amenehysfrate prpdaddednte pr eetprieamecbhultl mpeh eofietheaction
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Enpi ri cal solvent, [t@F solid wh:.[cé] remains ig qrﬁjqe[rbrqq):.n wabexul a

- and boiled with active charcoal (about 180 mins).

Thereafter, the suspension is filtered, the
15 water is stripped off and the colourless solid which
remains is dried under a high vacuum. This solid is
then dissolved again in 50 ml of anhydrous THF, the
solution is filtered and the solvent is removed again.
In order to free the lithium imides from still-
20 adhering THF residues, these are suspended three times
in 50-60 ml of n-pentane, the-  solvent being removed
again each time. ' ' ' o
' The lithium cyclo-perfluoroalkane-1,n-
bis(sulfonyl)imides are then dried on a water bath
25 wunder a high wvacuum for 8 hours. Colourless,
crystalline salts are obtained.

Table 2: Lithium cyclo-perfluoroalkane-1,n-bis-
{sulfonyl) imide (n=1-3)
30
n Meguct Yield Mproduet Empirical
(g) ' {g] {g mo1™"1 formula
1 21.02 19.31 g or 97% 199.07 CF,LiNO,S,
26.02  24.16 g or 97% 249.08 C,F,LiNO,S,

3 31.02 28.71 g or 96% 299.09 C,F;LiNO,S,




1 = 43.22 29.42 g or 70% 210. 17 . [err] 2 53. 23 44.75 ¢

or 86% 260. 18 [err] 3 63. 23 50.25 g or 81% 310. 19
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‘cycl o- per f | uowoatsme®e- 1, n- bi s(sul fonyl) i-4riides 5 PCEEPIY08IH( 110
mmol)  of i tﬂlHHlumWFéW&!&luorom%ﬁhﬁdtﬂ - S(AddRR A iRiaek Ut i-on of
100 mmol of the correspondi ng anmoni um cycl o- perfl uoroal kane-1, n-
bi s(sulfonyt)imde in 60 nl of THF, while stirring. The suspension is

boil ed until nolithinerceneenki ofoymdz03-AfRkonalcukatedse3.48%ected (about
120 mins). AftRg-NMR (chittt) ats0a @iz hedraagti én soi3dion eod fegowal of -
t he sol vent o ¢ h Id which remains is taken up in vvater and

boiled with act 5;/ ‘Charcoal (about 180 min ereafter, the

suspension is fi R-dMEfCOGRE: 1%Fsv®?f%ﬁ‘r’}a§)9t f’ﬁpﬁeﬁ“ﬁ?f & md ‘tsﬁe9§dﬁburl ess

solid which remains is dried under a high vacuum This solid is

t hen. di ssol ved 29@h8uin" 50 MewRl o2PLYEL PHSorddEnaiata, 2-b§9ké’& £hy1d

Jt
filtered and the so?vent IS rxem)veg agal n. I'n er tofreethe
lithiuminides AM8ALEti11- 20 adhering THF resi dues, these are suspended
three tinesio0 in 50-60 m of n- pent ane t he sol vent being renoved

again each timey rpium c:om._en,n.:l'he fo P{n cadlculate
cycl o-perfl-uor ogf‘

ane bi's fony dt he 75r| ed on a
wat er bath 25 rﬁu‘éﬁ”“ gbsclzh’gh §a'5 z'fcﬂ‘D> ggy h‘dﬁ?‘%h CEI FurtlesSe
(tt, JC!' = 306. G.HZ), JCF = 22.6 HZ)
P-NMR (CD,CN, C¢F¢ external), 75.4 MHz, 30% by weight):

15 &= -113.72(s)

Lithium eyclo-hexafluoropropane-1,3-bis(sulfonyl) -
imigde:

20 . Lithium content:. found: 2.31% calculated: 2.31%
3C-NMR(CD,CN, 125.76 MHz, 30% by weight): & = 110.72
(tqi, 'Jer = 273.0 Hz), Jce = 25.5 Hz), 113.96 (tt, 'Je
= 298.1 Hz), °Jg = 25.3 Hz) '
*F-NMR (CD,CN, C¢F; external), 75.4 MHz, 30% by weight):

25 § = -125.21
(qi, *Jpr = 8.6 Hz), -118.77 (t, *Jpp = 8.5 Hz)



crys‘t alline salts are obtained. Table 2: Lithium

cycl o- perfl uoroal kane- 1, n-bi s- (sulfonyl)imde (n=1-3) 30
n [err] Yield [err] Enpi ri cal g

aql’ Eg nol[err]] formul a 1 21. 02 19.31 g or 97%
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content: fouhl: ©Ba%0d, s82tPEbPﬁt E‘g t% égﬁrflmrt’g}gﬂf]]ﬁﬁf('(ﬁﬁl ?:N
125.76 Mz, £Ds6ridercishmétefead rdlowliyl5ams with intensifwer rt:]horom 6 Hz),

[err] = 22.6 fig}in mdoerlrﬂqﬁluwan&@pisrrm\l Jerr]Flerr] external), 75.4
Mz, 30% by we.ght% 5 Jerr]= -113 72(3)
Pro ess accor ing Claim 1, characterized in

10 that the perfluorcalkane-bis-sulfonyl fluoride is
dissolved in THF.

3. - Process according‘ to Claim 1 or . 2,
characterized in that the cyclic perfluoro- -
alkanebis (sulfonyl) imide ammonium salt initially

15 obtained is converted into the corresponding imide or
into another metal salt by an exchange reaction.

4. Process according to Claim 3, characterized in
that the cyclic perfluorocalkanebis (sulfonyl) imide
‘ammonium salt is reacted with lithium hydroxide,  the

20 corresponding lithium salt being obtained. _ )

5. . Process according. to Claim 1 or : 2,
characterized in that difluoromethanebis-sulfonyl - -
fluoride is converted into ammonium cyclo-
difluoromethanebis (sulfonyl) imide.

25 6. Process according to Claim 5, characterized in
that the product is then reacted with lithium hydroxide
to - give lithium cyclo-difluoromethanebis-
{sulfonyl)imide.

7. The compounds of the group

30 cyclo-diflucromethanebis(sulfonyl)imide
ammonium cyclo-difluoromethanebis(sulfonyl)imide and
lithium cyclo-difluoromethanebis(sulfonyl) imide.

8. The compound 1lithium cyclo-difluoromethanebis-
{sulfonyl) imide.

35 9. Use of the compound lithium cyclo-
difluoromethanebis({sulfonyl)imide as a conductive salt
in non-aqueous electrolytes for 1lithium secondary
batteries.
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298.1 Hz), 1!];1-/3;”25 3 Hz) [err]F=NVR (CD[err] CN, (] epciEpsmnodio

75 4

external ), 30¥ehyeMAQIR ) slafrdlanss Lol 25idiun sedshaary err] =
8.6 Hz), -118. 7Batteriesr] comBr®siBd the compoYingwﬁ.:E%Q% cyglo )
8 - "Pat Bt G

1 Process di;1u£¥8%{§§§¥é%¥% ap&?ogxl)lgfde cycllc ai ms

perfluoroalkaneBFs(suIf%&&#ﬁqmnd§§cgn@33ﬂltbathereeﬁ bgompriging an
cyclization5 eleactoDyre acddrding €8 teaprngyng 5

per fl.uor oal kane- bi s-sul fonyl fluorides, characterized in that a
solution of the perfluoroal kane-bi s-sul fonyl fluoride is nmetered slowy
and with intensive thorough mxing into |iquid amoni a. 2.

Process according to Claim1l, characterized in 10 that the

per f 1 uor oal kane- bi s-sul f onyl fluoride is di ssolved in THF. 3.
Process accordi ng to Caim 1 or 2, characteri zed in

t hat the cyclic perfl uoro- al kanebi s(sul fonyl )i m de anmoni um
sal t initially 15 obtained is converted into the corresponding imde or
into another metal salt by an exchange reaction. 4, Process
according to Caim3, characterized in t hat the cyclic

per fl uor oal kanebi s(sul fonyl )i m de ammonium salt is reacted with I|th|um
hydr oxi de, . the

* c L M s *
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20 Jcorresponding l'ithium salt being obtained. 5. Process 1POS  oPY
according to Cam 1 or 2, characterized I n t hat

di f | uor onet hanebi s- sul f onyl fluoride i's converted into anmoni um
cycl o- di f | uor onet hanebi s(sul fonyl)imde. 25 6. Procog®gccor di ng
to daimb5, char ized in that the product is then reac’“‘ﬁ“ th

|'i t hi um hydroxid to UWVB“““”“E@H&% OROANIZATION »

cycl o-di f| yofBRHRRR S0, BUE

the gr OHEB “ N a n 1 @fﬁﬁummpﬁﬁﬁ W%P&I)
cycl o- d| &P EH%"BH%‘P'MSP?’P?H‘P‘]‘GGnyI )i mi|de pAtl InternatidniltPidbikcaion Number: g WO 9731909
cyclodflmmmlfonyl)lmdﬂ The conpo I|th|um
cycl o-difluoranet hanehis- (sulfordyl) ?’88‘"‘"&"3‘“"9"“““”&& 34.09.97)

conduct
batteri
PCT/ EPY
batteri
di fl uor
conpri g

|ngﬁgk aqué/ug%%+3@%$c

g7 Tntenatinai Flliny(PeB3 | 3 8XFebruary 1997 (20.02.97)

7/ 00819 10. Non- aqueous el eq
as0) PdoByDataSi Ng the conpound [ith
omet h@OFIBBZA s ubf Divigdn 1996{08163,96) -~ 1 DE
ing an 5 electrolyte according td
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(57) Abstract /
The invention relates to a process for the
lithium secondary batteries.
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