PROCESS FOR PREPARI NG A POSI-TI VE ELECTRODE FOR SECONDARY LI THI UM‘BAFFERIFES
The invention relates to a process for preparing a positive el ectrode for
secondary lithiumbatteries, whereof the active material conprises a

l'i t hi um manga@@&&3¢xi-d®@Eavi ng spi nel structub8?78hKeRkheimer A6d 0By 93i xi ng
manganese dioxide with lithiumformate and/or |ithiunfa@eRateDrr.Msl/Ghed by

heati ng the m xture.
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1. Process for producing a positive electrode for

Patent claims

5 lithium secondary batteries whose active material is
composed of a lithium manganese oxide having a spinel
structure and formed by mixing manganese dioxide with -
lithium formate and/or lithium acetate and subsequently
heating the mixture, characterized in that the mixture is

10 heated at a temperature of 550°C to 800°C for between 10
and 100 hours and is then ground. '

2. Process according to Claim 1, characterized in
that the mixture is heated at a temperature of 600°C to
750°C. '

15 3. Process according to Claim 1 or 2, characterized
in that the manganese dioxide is a chemically produced
product (CMD) or a §-MnO, (pyrolusite).

4. Process according to one of Claims 1 to 3,
characterized in that the constituents of the mixture

20 contain manganese and lithium in a molar ratio of Mn:Li
= 2:x, wher'e 0.5 < x< 1.5, preferably 0.9 < x < 1.2,

5. Process according to one of Claims 1 to 4,
characterized in that the mixture is produced by spray-
drying a suspension of manganese dioxide in an aqueous

25 solution of the appropriate lithium salts.
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Li X hi uyifsRRROI Been Replacad| s are utilised to great advantage today as the

positiv ' _ terial in electrochemcal cells of the

ii/Li[eBI r] type. The chargi ng/di schargi ng mechani sm of such
cells r e capacity of manganese2oxi de reversibly to intercal ate
and de-intercal ate active Li[err] ions in its spi-nel lattice which forns an

open skel etal $naogess Lompraduaing dpepibivg glertreds Lo tithiams or e,
x al so changes in parallel. Prepgeabh@dryf batkeMiksarr]Jerr] material from

MJerr] normally starts from
The invention relates to a process for producing
a positive electrode for lithium secondary batteries
5 whose active material is composed of a lithium manganese
oxide having a spinel structure and formed by mixing
manganese dioxide with lithium formate and/or lithium
acetate and subsequently heating the mixture.
Lithium-manganese spinels are at present used
10 with great advantage as positive electrode material in
electrochemical cells of the Li/Li Mn,0, type. The
charge/discharge mechanism of such cells is based on the
capacity of the manganese oxide to intercalate and de-
intercalate active Li* ions reversibly in its spinel
15 lattice, which forms an open skeleton structure.
Consequently, x also changes in parallel with progressive
charging or discharging.
To prepare an LiMn,0, material from MnO,, the
starting point is usually a commercially available
20 manganese dioxide which is thoroughly ground in a mortar
with a s8solid 1lithium compound, for example lithium
hydroxide, lithium carbonate or lithium iodide, and is
then heated for the purpose of sintering.
The sinter cake may optionally be comminuted and
25 provided with a conductive agent (graphite) and a binder
before it is press-moulded to form the finished cathode
pellet. '
The commercially available manganese oxides
(manganese blacks) form a suitable starting material for
30 the preparation of lithium-manganese spinels insofar as
they have already been used for a long time in the
battery industry, their electrochemical behaviour has
been thoroughly researched, they are an inexpensive raw
material and they present no problems in relation to
35 environmental compatibility.
The cathode substances produced in the manner
described have, however, hitherto continued to suffer
from the lack of inadequate cycle st;ability. The



a ‘conv his Bleetdas lacedy| panganese di oxide which is ground thoroughly in a
nortar w it hi um conpound, for exanple, |ithium hydroxide,
1ithium ithiumiodide, and is then heated in order to sinter

the m xture. The sintered cake may opti-ordlty be conm nuted and be provided
with a conducting agent (graphite) and a bi-nder before being pressed to
formthe fini siee epelcppacitiesnodegreageeproticeakiyandse SRedes

(manganese di @6u88%) JffOfte cyclic service life, in particular after a
preceding high-temperature ageing.

There has therefore been no lack of proposals for

5 stabilizing the host structure of the manganese spinel,
for example by substituting some of the manganese in the
lattice by foreign metals, including Co, Ni, Fe. Unquali-
fied successes have, however, failed to materialize.

It is also known from Japanese Published Specifi-

10 cation 4,169065 to produce a positive electrode material
for lithium batteries from MnO, and lithium salts of
formic acid and acetic acid, with which the manganese
oxide is mixed instead of LiOH-H,0 or Li,CO;. The mixture
is heat-treated at relatively low temperatures of between

15 200°C and 500°C. |

The object of the invention is to provide a
process for producing a lithium-manganese spinel of the
Li Mn,0, type which is found to be cyclically stable as
cathode material in lithium cells containing organic

20 electrolytes and is suitable as counterelectrode to a
negative lithium electrode of the intercalation type (Li
in a carbon matrix), in particular even in systems in
which lithium is intercalated in both electrodes (so-
called "SWING" systems).

25 The object is achieved, according to the inven-
tion, by a process such as that defined in Patent
Claim 1. | |

According to Claim 1, an intimate mixturé of pure
manganese oxide and lithium formate, HCOOLi, or lithium

30 acetate, CH,COOLi, optionally also of both salts, is
prepared as a first step.

A preferably useable manganese dioxide is pre-
pared by a chemical reaction, usually by precipitation
from manganese salt solutions, and [lacuna] a marketable

35 product as "chemical" manganese dioxide (CMD). Pure §-
MnO,, which occurs naturally as pyrolusite, is, however,
also suitable as starting material.

The constituents mentioned are mixed in such
quantitative proportions that a molar ratio of Mn:Li =
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A particularly intimate mixing is obtained if a
suspension of the manganese black is produced in an
aqueous solution of the appropriate lithium salts and
said solution is then subjected to spray drying.

The mixture obtained (in the latter case, the dry
residue obtained) is heated at 550°C to 800°C, preferably
at 600°C to 750°C, in air for between 10 and 100 hours.
This thermal treatment produces, as a result of the
vigorous gas evolution accompanying the reaction of the

mixture components, an extremely finely crystalline

lithium-manganese spinel. The small particle size of this

preparation corresponds to a relatively large BET surface
area (>5m2/g) . This in turn imparts good high-current
properties to the manganese spinel produced according to
the invention.

The product is then ground and processed to
produce the electrode.

The active electrode material produced in this
way meets the requirement for good cycle stability in
batteries having positive LiMn,0, electrodes and negative
Li or Li-intercalating electrodes. It is also notable for
high-temperature stability and is therefore suitable even
for use in galvanic solid-electrolyte cells which are
operated in the temperature ranges above room
temperature.

Finally, the capacity to dope the present
lithium-manganese spinels with lithium to far beyond the
stoichiometric composition (not more than x = 1.5) is

found to be extremely advantageous, especially in

relation to the production of cells having positive and
negative lithium-intercalating electrodes (SWING system) .

In the finally assemi:ly and sealed state, the
electrodes of such cells are usually uncharged, i.e. all
the available lithium is incorporated in the positive
spinel or metal oxide electrode, while the host structure
of the negative electrode is drained of lithium.

During the first charge, lithium is discharged



éyclical stability. The dischargeable capacities fall appreciably during

the cyclical service life, in particular in the event of 2 previous
Storage at high tenperature. There has therefore been no shortage of
proposal s for stabilising -5 -

from the positive host lattice and iﬁéorporated into the
negative host lattice, preferably a carbon matrix. Some
of the lithium is now retained by the carbon matrix to
form a covering layer, i.e. by an irreversible chemical
5 reaction, and a certain quantity of lithium is withdrawn
in this way from the intercalation mechanism by the
carbon material,' which is not inert, from the outset.
A lithium-manganese spinel made up with a hyper-
stoichiometric amount of lithium makes it posaible,
10 however, to saturate the reactivity of the carbon elec-
trode, so that the intercalation and deintercalation of
the lithium in the carbon matrix can proceed virtually
without loss, that is to say reversibly.
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the host structure of the manganese spinel, for exanple by substituting
foreign netals, including Co, Ni, Fe, for sone of the nanganese in the
| atti ce. Real success has, however, proved el usive. JP-CS 4-169065 al so
di scl oses preparing a positive el ect rBa8tmaetrial for |ithiumbatteries
fromMerr] and lithiumsalts of formc acid and of acetic acid, with
whi ch the nmanganese oxide is ngixed insteagd of LiOH Herr]Oor__ .
Li[err]C err] Progess. fox pro ufme?eaos:,t ve electrode for lithium

secondary batteries

A lithium-manganese oxide Li Mn,O, having a spinel

5 structure is prepared as cathode material for lithium
secondary batteries by mixing manganese dioxide with
lithium formate and/or lithium acetate (HCOOLi, CH,O0Li)

and subsequently heating the mixture at, preferably,
600°C to 750°C for 10 to 100 hours. The mixture com-

10 ponents contain ménganeae and lithium in a molar ratio of
Mn:Li = 2:x, where 0.5 < x < 1.5. The final product is

extremely finely crystalline and is notable for good
cycle stability. '



at relatively Iom1tehpé}atures of between 200 and 500[err] C. T'%$66 ect of

the jnvention
spi nel of the

st abl e cat hode materi al
whi ch, In particular

el ect'r
electrode t o

lllllllll

i

is to indicate a process for preparing a |ithium nanganese
Li[err]M[err](err] type, which proves to be a cyclically
in Lithiumcells having organic electrol ytes and
in systens in which lithiumis intercalated in both

s By Rasherie dkpismgadeldachaft t he counter-
| t Rin Ui £h&GEEL U1 0T 308891 BhBEFEEAT I ON

Patent claims
1. Process for producing a positive electrode for
lithium secondary batteries whose active material is
composed of a lithium manganese oxide having a- spinel
structure and formed by mixing manganese dioxide with
lithium formate and/or lithium acetate and subsequently
heating the mixture, characterized in that the mixture is
heated at a temperature of 550°C to 800°C for between 1.0
and 100 hours and is then ground. _
2., Process according to Claim 1, characterized in
that the mixture is heated at a temperature of 600°C to
750°C.
3. Process according to Claim 1 or 2, characterized
in that the manganese dioxide is a chemically produced
product (CMD) or a f§-MnO, (pyrolusite).
4. Process according to one of Claims 1 to 3,
characterized in that the constituents of the mixture
contain manganese and lithium in a molar ratio of Mn:Li
= 2:x, where 0.5 < x < 1.5, preferably 0.9 < x < 1.2.
5. Process according to one of Claims 1 to 4,
characterized in that the mixture is produced by spray-
drying a suspension of manganese dioxide in an aqueous
solution of the appropriate lithium salts.
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type (Li in a carbon rﬁatrix) The obj ect is ach| eved acm
invention by a process as defined in Claimi1. According tmlﬁhadtmslg ged
is prepared in-the first step an intinmate nixture of pure m

and lithiumformate, HCOOLi, or l|ithium acetate, CH[err]
optionally of both salts, with partlcul arly. intimate mixi ng
by preparing in an aqueous sol ution of 2 ke corresponding |i th| um
Process for producing_ a positive electrode for lithium
secondary batteries |

The invention relates to a process for producing
a positive electrode for lithium secondary batteries
whose active material is composed of a lithium manganese
oxide having a spinel structure and formed by mixing
manganese dioxide with lithium formate and/or lithium
acetate and subsequently heating the mixture.

Lithium-manganese spinels are at present used
with great advantage as positive electrode material in
electrochemical cells of the Li/LiMn O, type. The
charge/discharge mechanism of such cells is based on the
~capacity of the manganese oxide to intercalate and de-
intercalate active Li* ions reversibly in its spinel
lattice, which forms an open skeleton structure.
Consequently, x also changes in parallel with progressive
charging or discharging. '

To prepare an LiMn.,O, material from MnO,, the
starting point is usually a commercially available
manganese dioxide which is thoroughly grouhd in a mortar
with a solid lithium compound, for example lithium
hydroxide, lithium carbonate or lithium iodide, and is
then heated for the purpose of sintering.

The sinter cake may optionally be comminuted and
provided with a conductive agent (graphite) and a binder
before it is press-moulded to form the finished cathode
pellet. i

The commercially available manganese " oxides
(manganese blacks) form a suitable starting material for
the preparation of lithium-manganese spinels insofar as
they have already been used for a long time in the
battery industry, their electrochemical behaviour has
been thoroughly researched, they are an inexpensive raw
material and they presént no problems in relation to
environmental compatibility.

The cathode substances produced in the manner
described have, however, hitherto continued to suffer
from the lack of inadequate cycle stability. The
dischargeable capacities decrease noticeably in the
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'sal ts a suspension of nanganese di oxide which is then spramssﬁi,@tl
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a product which is currently market ed as

course of the cyclic service life, in,particular after a
preceding high-temperature ageing. |

There has therefore been no lack of proposals for
stabilizing the host structure of the manganese spinel,
for example by substituting some of the manganese in the
lattice by foreign metals, including Co, Ni, Fe. Unquali-
fied successes have, however, failed to materialize.

It is also known from Japanese Published Specifi-
cation 4,169065 to produce a positive electrode material
for lithium batteries from MnO, and lithium salts of
‘formic acid and acetic acid, with which the manganese
oxide is mixed instead of LiOH-H,0 or Li,CO,. The mixture
is heat-treated at relatively low temperatures of between
200°C and 500°C. .

The object of the invention is to provide a
process for producing a lithium-manganese spinel of the
LiMn,0, type which is found to be cyclically stable as
cathode material in lithium cells containing organic
electrolytes and is suitable as counterelectrode to a
negative lithium electrode of the intercalation type (Li
in a carbon matrix), in particular even in systems in
which lithium is intercalated in both electrodes (so-
called "SWING" systems). ‘

The cbject is achieved, according to the inven-
tion, by a process such as that defined in Patent
Claim 1. _ )

According to Claim 1, an intimate mixture of pure
manganese oxide and lithium formate, HCOOLi, or lithium
acetate, CH,COOLi, optionally also of both salts, is
prepared as a first step. '

A preferably useable manganese dioxide is pre-
pared by a chemical reaction, usually by precipitation
from manganese salt solutions, and [lacuna] a marketable
product as "chemical®” manganese dioxide (CMD). Pure §-
MnO,, which occurs naturally as pyroclusite, is, however,
also suitable as starting material. '

The constituents mentioned are mixed in such
quantitative proportions that a molar ratio of Mn:Li =
2:x, where 0.5 < x < 1.5, preferably 0.9 < x < 1.2, is

This is the replacement sheet
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3 "chem cal " manganese di oxi d.e' (CIVD).' However, pure [err]-MQ err] V\:hl ch

occurs naturally as pyrolusite, is also a suitable starti ??d
naned. constituents are mxed in quantrtrfs such that there l

ratio of Mh : Li of 2 : x where 0.5 <X 1.5, preferably

The mi xture 'rbﬁu&gﬁ | atter case the dry residue - obtained is

A particularly intimate mixing is obtained if a
suspension of the manganese black is produced in an
agqueous solution of the appropriate lithium salts and
sa;d solution is then subjected to spray drying.

The mixture obtained (in the latter case, the dry
residue obtained) is heated at 550°C to 800°C, preferably
at 600°C to 750°C, in air for between 10 and 100 hours.
This thermal treatment produces, as a result of the
vigorous gas evolution accompanying the reaction of the
mixture components, an extremely finely crystalline
lithium-manganese spinel. The small particle size of this
preparation corresponds to a relatively large BET surface
area (>5m’/g). This in turn imparts good high-curreamt
properties to the manganese spinel produced according to
the invention.

The product is then ground and processed to
produce the electrode. ‘

The active electrode material produced in thls
way meets the requirement for good cycle stability in
batteries having positive LiMn,0, electrodes and negative
Li or Li-intercalating electrodes. It is also notable for
high-temperature stability and is therefore suitable even
for use in galvanic solid-electrolyte cells which are
operated in the temperature ranges above room
temperature.

Finally, the capacity to dope the present
lithium-manganese spinels with lithium to far beyond the
. stoichiometric composition (not more than x = 1.5) is
found to be extremely advantageous, especially in
relation to the production of cells having positive and
negative lithium-intercalating electrodes (SWING system).

In the finally assembly and sealed -state, the
electrodes of such cells are usually uncharged, i.e. all
the available lithium is -incorporated in the positive
spinel or metal oxide electrode, while the host structure
of the negative electrode is drained of lithium.

During the first charge, lithium is discharged

from the positive host lattice and incorporated into the

This is the r‘e,p_lacement shaet
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in a second step heated in air at frome600[err]Cto 75 er bet ween -
10 and 100 hours. Because of the vigorous gas generatl
reactd on of the m xture conponents, this thermal treat

| e
ﬂ_ ieg
extrenely finely crystalline Iithium manganese spi nel . ) cle

size of this preparation corresponds wigh.a rel at|ver Iarge BET urface
area (> 5 n2/g). This in turn inparts good high-current properties to the

manganese s plegalt ivet R RO EE \PpietéhghblPVaNEa®Pon matrix. Some
" of the lithium is now retained by the carbon matrix to
form a covering layer, i.e. by an irreversible chemical
reaction, and a certain quantity of lithium is withdrawn .
in this way £from the intercalation mechanism by the
carbon material, which is not inert, from the ocutset.

A lithium-manganese spinel made up with a hyper-
stoichiometric amount of lithium makes it possible,
however, to saturate the reactivity of the carbon elec-
trode, so that the intercalation and deintercalation of -
the lithium in the carbon matrix can proceed virtually
without loss, that is to say reversibly.




The .pr'o'duct I's then ground and processed to formthe el ectrode. The active
el ectrode material thus prepared satisfies the requirenent for-good—

cycligcal stability in batteries having positive Li[err]ivh Nl kb bRk Rdplaced '
el ectrodes and negative lithiumor lithium intercalatt lt-is -
further distinguished by high tenperatyse stability and|i M\\g | so

suitable for use in galvanic solid electrolyte cells whi at ed
Wi thin tenperature ranges above roogphegpagat ure.

Process for producing a pos'itive electrode for lithium
secondary batteries '

A lithium-manganese oxide Li Mn,O, having a spinel
structure is prepared as cathode material for lithium
éecondary batteries by mixing manganese dioxide with
lithium formate and/or lithium acetate (HCOOLi, CH,OOLi)
and subsequently heating the mixture at, preferably,
600°C to 750°C for 10 to 100 hours. The mixture com-
ponents contain manganese and lithium in a molar ratioc of
Mn:Li = 2:x, where 0.5 < x < 1.5. The final product is
extremely finely crystalline and is notable for good
cycle stability. '
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Final ly, a:striking advantage, especially mhfﬁ a V|ew5to preparing:* . el Sazed 4.
having positive and negative lithium |ntercalaﬁ|ng e[ectrode55(ﬁmang -
systen), is the ability of the present I|th|un1nangahese -spi‘nel --t-0:be .
with lithiumto an extent far above th? st oi chi one rEQ’CQﬂﬁOSItLQn“(nB%Iqﬂgh '
X = 1.5). The electrodes of such cells*in the ready installed and seale -
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LITHIUM BATITERIES —
The invention relates to a process for preparing a positive
electrode for secondary lithium batteries, whereof the active
material comprises a 1lithium manganese oxide having spinel
structure, which is formed by mixing manganese dioxide with
lithium formate and/or lithium acetate, followed by heating the
mixture.

_-;

Lithium manganese spinels are utilised to great advantage today
as the positive electrode material in electrochemical cells of
the,Li/LiJﬁho.'type. The charging/discharging mechanism of such
cells relies on the capacity of manganese oxide reversibly to
intercalate and de-intercalate active Li" ions in its spinel
lattice which forms an open skeletal structure. as charging or
discharging progresses, therefore, x also changes in parallel.

Preparation of a LiMn,0, material from MnO, normally starts from
a conventional commercial manganese dioxide which is ground
thoroughly in a mortar with a solid lithium compound, for
example, lithium hydroxide, lithium carbonate or lithium iodide,
and is then heated in order to sinter the mixture.

The sintered cake may optionally be comminuted and be provided
with a conducting agent (graphite) and a binder before being
pressed to form the finished cathode pellet.

The hormal commercial manganese oxides (manganese dioxides) form
a favourable starting material for the preparation of the lithium
manganese spinels, in that they have already long been used in
the battery industry, their electrochemical characteristics have
been researched thoroughly, they represent an economic raw
“material, and they cause no problems in terms of environmental
acceptablllty.

The cathode substances prepared in the manner described have,
however, suffered hitherto from the defect of unsatisfactory
cyclical stability. The dischargeable capacities fall appreciably
during the cyclical service life, in particular in the event of



4 lithi,umis included in the positive spinel electrode or netal oxide

el ect r ode,

while the host structure of the negative electrode is enptied of

lithium On the first charging, there takes place exclusion of the lithium

2

previous storage at high temperature.

There has therefore been no shortage of proposals for stabilisihq
the host structure of the manganese spinel, for example by
substituting foreign metals, including Co, Ni, Fe, for some of

the manganese in the lattice. Real success has, however, proved
- elusive.

JP-0S 4-169065 also discloses preparing a positive electrode
material for lithium batteries from MnO, and lithium salts of
formic acid and of acetic acid, with which the manganese oxide
is mixed instead of LiOH.H,0 or Li,CO,. The mixture is tempered
at relatively low temperatures of between 200 and 500°C.

The object of the invention is to indicate a process for
preparing a lithium manganese spinel of the Li,Mn,0, type, which
proves to be a cyclically stable cathode material in lithium
cells having organic electrolytes and which, in particular in
systems in which lithium is intercalated in both electrodes
(khown as "SWING" systems), is also suitable as the counter-
electrode to a negative lithium electrode of the intercalation
type (Li in a carbon matrix).

The object is achieved according to the invention by a process
as defined in Claim 1.

According to Claim 1, there is prepared in the first step an
intimate mixture of pure manganese oxide and lithium formate,
HCOOLi, or lithium acetate, QH,COOLi, also optionally of both
‘'salts, with particularly intimate mixing being achieved by
preparing in an aqueous solution of the corresponding lithium
salts a suspension of manganese dioxide which is then spray-
dried. '

A manganese dioxide which can be utilised preferably is obtained
by chemical reactions, generally by precipitation from manganese
salt solutions, and is a product which is currently marketed as



from'the positive host lattice and inclusion in the negative host lattice,
preferably a carbon matri x. Now sone of the lithiumis fixed by the carbon
matrix with formation of a covering layer, namely as a result of an
irreversible chem cal reaction, and in this manner a certain quantity of
lithiumis renmoved fromthe intercal atipn mechanismfromthe outset as a
result of the chemcally not indifferent carbon naterial. However, a

l'i t hi um ‘helrgeiesl" spamigdnéoe Nl ok ede 20 ¥l NBow@vERS pure B-Mno,, which
occurs naturally as pyrolusite, is also a suitaBle starting
material.

The named constituents are mixed in quantities such that there
results a molar ratio of Mn : Li of 2 : x where 0.5 < X < 1.5,
preferably 0.9 < x < 1.2.

The mixture - in the latter case the dry residue - obtained is
in a second step heated in air at from 600°C to 750°C for between
10 and 100 hours. Because of the vigorous gas generation
accompanying the reaction of the mixture components, this thermal
treatment results in an extremely finely crystalline lithium
manganese spinel. The small particle size of this preparation
corresponds with a relatively large BET surface area (> S m%/q).
This in turn imparts good high-current properties to the
manganese spinel prepared according to the invention.

The product is then ground and processed to form the electrode.

The active electrode material thus prepared satisfies the
requirement for good cyclical stability in batteries having
positive LiMn,0, electrodes and negative lithium or lithium-
intercalating electrodes. It is further distinguished by high
temperature stability and is therefore also suitable for use in
galvanic solid electrolyte cells which are operated within
temperature ranges above room temperature.

Finally, a striking advantage, especially with a view to
preparing cells having positive and negative lithium-
intercalating electrodes (swing system), is the ability of the
present lithium manganese spinel to be doped with lithium to an
- @Xtent far above the stoichiometric composition (maximum x =
1.5).

The electrodes of such cells in the ready installed and sealed
state are normally uncharged, that is to say all the available



invehti-on with a hyper st oi chionetric quantity of lithiummkes it possible
to satisfy the reactivity of the carbon el ectrode such that the
intercal ati on and de-intercalation of the lithiumin the carbon matrix is
able to take place virtually without loss, that is to say reversibly.

4

lithium is included in the positive spinel electrode or metal

oxide electrode, while the host structure of the negative
electrode is emptied of lithium.

On the first charging, there takes place exclusion of the lithium
from the positive host lattice and inclusion in the negative host
lattice, preferably a carbon matrix. Now some of the lithium is
fixed by the carbon matrix with formation of a covering layer,
namely as a result of an irreversible chemical reaction, and in
this manner a certain quantity of lithium is removed from the
intercalation mechanism from the outset as a result of the
chémically not indifferent carbon material.

However, a lithium manganese spinel formulated according to the
invention with a hyperstoichiometric quantity of lithium makes
it possible to satisfy the reactivity of the carbon electrode
such that the intercalation and de-intercalation of the lithium
in the carbon matrix is able to take place virtually without
loss, that is to say reversibly.
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Claims

1. Process for'preparing a positive electrode for secondary
lithium batteries, whereof the active material comprises a
lithium manganese oxide having spinel structure, which is formed
by spray-drying a suspension of manganese dioxide in an aqueous
solution of lithium formate and/or lithium acetate, followed by
heating the mixture, with the mixture being heated at a
temperature of from 600 to 750°C for between 10 and 100 hours and
then ground. .

2.' Process according to Claim 1, in which the manganese oxide
is a chemically generated product (CMD) or a B-MnO, (pyrolusite).

3. Process according to one of Claims 1 or 2, in which the
constituents of the mixture contain manganese and lithium in a
molar ratio of Mn : Li of 2 : x, where 0.5 < x < 1.5, preferably
0.9 < x < 1.2.
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Abstract

- PROCESS FOR PREPARING A POSITIVE ELECTRODE FOR SECONDARY LITHIUM
BATTERIES

. A lithium-manganese oxide LiMn,0, having a spinel
structure is prepared as cathode material for lithium
secondary batteries by mixing manganese dioxide with
lithium formate and/or lithium acetate (HCOOLi, CE,O0Li)
and subsequently heating the mixture at, preferably,
600°C to 750°C for 10 to 100 hours. The mixture com-
ponents contain manganese and lithium in a molar ratio of
Mn:Li = 2:x, where 0.5 < x < 1.5. The £final product is
extremely £finely crystalline and is notable for good
cycle stability. '
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