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The present invention relates to binary, ternary and quate i U935
phosphat es, specifically lithium iron phosphates, a process for their
manuf acture through precipitation from aqueous solutions and their use as
cathode material in lithiumaccunul ators, specifically secondary lithium
batteries. State of the Art 15 20 25 30 35 Lithiumiron phosphate causes
reversible de-insertion of lithiumions with an electrocheni cal potenti al
of approximately 3.5 V versus Li/Lip-. The theoretical specific capacity
measures 170 mAh/g. The capacity of the known Tithiumiroén phosphates at
room t enper at ur e i Sinpkayerry apd Quateanys dithivny Phespbatess only 70 - to 100
mAh/ g. The reversi I P O, I thiumions has
hitherto been obse%gao,% ﬁ&gggﬁﬁéﬂhg%ggﬁyﬁ&fgﬁrﬁEf'arnicfn phosphates, only
for lithiumiron manganese phosphatée m xed crystals and |ithium cobalt
phosphates. Lithiumiron nmanganese phosphate m xed crystals show two
potential plateaus at 3.5 V and at 4 V versus Li/Li+ and a reversible
specific capacity of naxi nunfittd ofthednventienum cobalt phosphate shows a
flat potential plateau at 4.8 V versus Li/Lip- with a reversible capacity
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primarily by means of wet or dry refining, before they are subjected to
heat treatnment for their chem cal transformation. The reaction product
that is gained in the formof 8tafergfethecdke or granulate nust then
general ly be broken, ground and graded, before a technically processable
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15 specific capacity immeasures 170 mAh/g. The capacity of the known lithium iron

electrochemical potential of approximately 3.5 V versus Li/Li+. The theoretical

phosphates at room temperature is, however, low and normally measures only 70
- to 100 mAh/g. The reversible electrochemical exsertion of lithium ions has
hitherto been observed, in addition to for lithium iron phosphates, only for
lithium iron manganese phosphate mixed crystals and lithium cobalt phosphates.
50 Lithium iron manganese phosphate mixed crystals show two potential plateaus at
3.5 V and at 4 V versus Li/Li+ and a reversible specific capacity of maximum 70
mAh/g. Lithium cobalt phosphate shows a flat potential plateau at 4.8 V versus

Li/Li+ with a reversible capacity of maximum 110 mAh/g.

All hitherto described processes for the manufacture of lithium iron phosphate
25 and other.phospho-olivines can be considered as solid-state processes. Some
examples in this regard are those processes described in WO 97/40541, US
5,910,382 or WO 00/60680. These solid-state processes generally entail a
blending of pulverised base materials primarily by means of wet or dry refining,
before they are subjected to heat treatment for their chemical transformation. The
reaction product that is gained in the form of a sinter cake or granulate must
then generally be broken, ground and graded, before a technically processable
product_ can be obtained. The disadvantages of solid-state processes are the high
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sinter temperatures and long furnace times that are often necessary for total
chemical transformation, and which lead to high energy costs and low flow rates.
Grinding processes also increase the risk of impurities occurring, which can often
a5 be critical, particularly in the case of electrochemical applications. In addition,
’ the broad particle size distributions caused by the grinding process generally
necessitate a grading of the product, which can also lead to material losses.



sinter tenperatures and long furnace tinmes that are often necessary for
total chem cal transformation, and which lead to high energy t %ﬁ.d | ow
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occurring, which can often be critical, particularly in the case of

el ectrochem cal applications. In addition, the broad particle size

di stributions caused by. the grinding process generally necessitate a
grading of the product, which can also lead to naterial losses. 10 OCT
2005 -2 1 nject of the Invention 5 Jhe invention is therefore based on the
obj ect of providing Iithium phosphates that show high specific capacity in
their el ectrochem cal appli Odjécanst, tievbBrveattion oom t enperature. It is al so
aimed at providing a sinple and i nexpensive process for their nanufacture.
Summary of the Il nvention The above .object,is achiev Yy _bi nar ernary
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di st o5e¢hiih 4hc.Subekai ms. A first aspect of the invention is therefore

bi nary, ternary and quaternary |ithium phosphates of general formula

Li (FeXM M22) PO4 20 25 30 35 wherein M. represents at | east one ‘el enent of
the group conprising Sc, TPumynargyof thyInygntieg Cuy, zZn, Be. My, Ca, Sr,
Ba, Al, Zr, and La, and M2 represents at | east one el enent of the group

conprisi, | , 5 Cr j . .CU i A, Zr,
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pr ecurssifje4UIRAYRESLHE{tIR] 8fEdESlobdd ilFehe Mibangihar M2 are precipitated from

A first aspect of the invention is therefore binary, ternary and quaternary lithium phosphates of

general formula

Li(Fe,M',M?,)PO,

wherein M! represents at least one element of the group comprising Sc, Ti, V, Cr,

Mn, Co, Ni, Cu, Zn, Be, Mg, Ca, Sr, Ba, Al, Zr, and La, and

M2 represents at least one element of the group comprising Se, Ti, V, Cr, Mn, Co,

Ni, Cu, Zn, Be, Mg, Ca, 51, Ba, Al, Zr, and La,

with

x = between 0.5 and 1,

y = between 0 and 0.5,

z = between 0 and 0.5, provided that x + y +z = 1, or

25 x=0,y=1landz=0,. ' -
the said lithium phosphates being obtainable according to a method whereby
precursor compounds of elements Li, Fe, M! and/or M? are precipitated from
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aqueous solutions and the precipitation product is then dried in an inert gas
atmosphere or a reducing atmosphere at a temperature which is between room
temperature and approximately 200° C and tempered at a temperature of between

80 300° C and 1000° C.

A second aspect of the invention is a process for the manufacture of these

lithium phosphates characterised by precurser compounds of elements Li, Fe, M*
and/or M> being precipifated from aqueous solutions, and - the precipitation
35 product then being dried in an inert gas atmosphere or a reducing atmosphere at
a temperature which- is between room tcmperature- and approximately 200° C and
tempered at a temperature of between 300° C.and 1000° C. '



aqueous solutions and the precipitation product is then dried in an inert
gas atnosphere or a reducing atnosphere at a tenperature ‘Wﬁ] @‘CTSZ@@ﬁween
room tenperature and approxi mately 200 C and tenpered at a tenperature of
between 300 C and 1000 C. A second aspect of the invention is a process
for the manufacture of these |ithium phosphates characterised by precursor
conpounds of elenents Li, Fe, M and/or M being precipitated from agueous
solutions,.and the precipitation. product then being dried in an inert gas
at nosphere or a reduci ng atnosphere st a tenperature which is between room
terrperat‘gg%dang ap I‘OXItrYB.t }f\éhzoo C and tenpered at a tenperature of
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pr ef er al§pi/bedeshagebley | i th| um batteries. The lithiumbatteries can be
reghargeabl e. 5 10 15DPgtribgl BeseriptibrDet the paveontioh t he | nventi on One
surprising result of the invention is that the inventive process succeeded
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| eadsonly @apprad gmiofinaANE. 1 NCrease in their conductibility, enhanced
processing, for exanple, by neans of rolling, extrusion with suitable
escor:t substénces as well as a reduction of particle aggloneration. The
{g/erﬁll de PFFEHCdnemvedpReitte stieu minsphste Shtvwk prfeftee ablvensine alithiage

par t iPHosphatez eccoptaine sgrivdrapastppe o xiithbhembgenpid dteibetR, Ywhies Seidan
appraxa s'ig@ﬂicaﬁhﬂlcrgase in their conductibility, enhanced processing, for example,

by means of rolling, extrusion with suitable escort substances, as well as a

reduction of particle agglomeration.

5¢ TIheinventive lithium phosphates furthermore show preferably an average particle

size of less than approximately 6 pm, preferably less than approx. 3 pym. The

- surfaces measured according to the BET method are generally approx. 2 m /g

The lithium phosphates obtained on the basis of the inventive process are

- furthermore for the most part of pure phase as they contain, for example, less
than 2% iron phosphate.

The inventive lithinm phosphates are manufactured by means of a wet
‘precipitation reaction in an agueous medidm which in itself is state of the art.
Suitable base materials are soluble lithium salts, irons salts and soluble salts of
the elements M' and MZ as well as soluble phosphates of hthmm or ammoniurn.

30 L B
Setting and maintaining a suitable pH valué of the aqueous solution during the
precipitation reaction, a suitable choice of température by application of

. additives influencing viscosity and influencing the blending conditions can have a

. decisive effect on particle form and particle size of the phosphates in line with the
desired material characteristics. Varying the stoichiometry of the applied salts

35 allows the ratio of  different -elements within the phosphates to be set at

‘ practically any possible values. Additional apphcation of lithium hydromde can
‘have a positive influence on the pH value of the reaction medium.



surfaces neasured according to the BET nethod are generally approx 2 n2/g
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manuf actured by neans of a wet precipitation reaction in an aqueous
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under slagRidd £ashbyesd, | der conditions and, above all, in shorter periods
than is the case with conparable solid-state reacti ons. During drying and
tenpering at high tenperatures, an atnosphere of inert gas, for exanple

Ni t r od®n 08¢ YaTiakien jof theednvendive PIOCRSS.aty dntHeBersssAyt Fe ipolett §as
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precipitation product and then to subject the residue to a continuous drying and

tempering treatment with application of an inert gas atmosphere or a reducing
atmosphere. This treatment can consist, for example, of a continuos phase of
increasing temperature from room temperature to between 6G0° C and 10006° C.
and preferably between 600° C and 750° C, a phase where this increased
temperature is maintained and a third phase for récooling to room temperature.

20

The‘ precipitation and/or the drying and tempering preferably takes place in the
presence of additives, preferably organic compounds, which under drying and
tempering conditions are transformed into matter that improve the processing

25 and-electrical material characteristics of the lithium phosphates. Of particular
importance for such purposes are addifives that lead to carbon particles in the

- phosphate matrix with homogenous distribution after the drying and tempering
process. Some examples of suitable additives in this regard are polyalkylene
glycols, such as polyethylene glycols, starch or starch derivatives, sugar or sugar

- derivatives, such as lactose, mono- or poly-carboxylic acids or their derivatives, in
30 ‘

particular polyhydroxycarboxylic acids, such as citric acids. Preferred additives
_ are characterised by their ability to function, under the applied tempering
conditions, also as an intrinsic reduction means, in addition to their
characteristics as material enhancers (see example 4 below).
35 Short Description of the Drawings

"~ Figure 1 shows the x-ray diffraction diagram of the lithium iron phosphate
manufactured according to example 1.



reduci ng atnosphere. In one variation of the inventive process, it is not
necessary to isolate the precipitation product and to drngt\%pm' 1Zma)he
tenpering operation. It is also possible to vaporise the ter Eﬂr’ ~*om
t he suspension containing the precipitation product and then to subject
the residue to a continuous drying and tenpering treatnment with
application of an inert gas atnosphere or a reducing atnosphere. This
treat ment can consist, for exanpl €, pf a continuos phase of increasing
tenperature fromroomtenperature to between 600 C and 1000 C. and
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takes place in the presence of additives, preferably organi c conpounds,
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addi tic%&o%%??%ﬁ%%ﬁ%?tgg g‘lﬁc"%{é‘%@ﬁes in the phosphate matrix with
honogenous distribution after the drying and tenpering process. Sone
exanplRigurd Bushadd ethed@dhbrgieg-disehehgisgr egared far ethgolfiral kypiceneof dhgcol s,
such 3SeRr¥abhyieMg@leysol s, starch or starch derivatives, sugar or sugar
derivatives, such as | actose, nono- or poly-carboxylic acids or their
derivatives, in particular polyhydroxycarboxylic acids, such as citric
aclds. Preferred additives are EF¥PRMSrised by their ability to function,
under the applied tenpering conditions, also as an intrinsic reduction
-rreans,E,gagl%leiti on to their characteristics as material enhancers (see
exanple 4 below). Short Description of the Drawi ngs Figure 1 shows the
x-ray diffraction diagramof the lithiumiron phosphate manufactured
accordﬁ@!gl_féeﬁuém@i%ﬁﬁ%a-lo OCT 2005, | 5 -5- Figures 2 - 5 show the results
of the particle size analyses of the lithium phosphates nmanufactured

i charor s S2BTRER o bP ikl G Re b 6 IR: BHE 0 L & i g
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cycl e vient Bende@asubagEibospberdlofgUnértbgas. A previously anaerobic aqueous ‘
solution of 0.85 mol (35.70 g} of lithium hydroxide monohydrate, dissolved in 200

ml of demineralized water, is trickled into this mixture over a period of 15

minutes while being stirred at room temperature. This leads, with strict exclusion
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of oxygen, to a white, lightly settling suspension.

The suspension is filtered in a nitrogen atmosphere and washed free of sulphate
with a total of 500 mil anaerobic demineralized water. ‘ '

25 ' _
The precursor, obtained as a white filter cake, counsists of-lithium-o-phosphate
and vivianite (Fez(PQOy), hydrate) and is dried initially in nitrogen at 150° C.

For transformation . to the triphyline phase in the nitrogen stream, the
~ homogenous phosphate mixture is initially heated, from the outset room
80 tempefature and commencing with a heating rate of 2 K/min, to a target
temperature of 650° C, which temperature is maintained for 12 hours, and then
heated at the same heating rate up to a final temperature of 675° C. This

temperature is maintained for a further 12 hours.

35 Figure 1 shows the x-ray diffraction diagram of the lithium iron phosphate
obtained through this process. The diagrams of pure triphylite {LiFePQO,) and of
pure lithium phosphate {LizPO,4} are ailso shown as a basis for comparison. It can



10 Exanpl es Exanple | Manufacture- of Li FePO 15 From 0.52 nol (54. 26 g) of
l'ithium di hydrogen phosphate and 0.4 nol (111.21 g) of iro @ Qg

hept ahydrate, each dissolved in 400 m of anaerobic dem nera d

m xture wi th honobgenous dispersion is manufactured when blended in an

at nosphere of i nert gas A pr evi ousI y anaer ob| C aqueous sol ution of 0.85
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tenperature of 650 C. which tenperature is maintained for 12 hours, and

t hen Eeate t the sane heating rate up to a final tenperature of 675 C
Thi s §ﬁ5’é’%\ ure is maintained for a further 12 hours. Figure 1 shows the
x-ray diffraction diagramof the lithiumiron. phosphate obtained through
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Manuf aid, in agy a{qa%@g pr ofgctive gas. A pre ously anaerobic aqueou solu ion
of 0.212 mol (8.94 g) of hthmm hydroxide monohydrate, dissolved in 50 ml of

demineralized water, is trickled into this mixture over a period of 4 minutes while

being stirred at room temperature.

The white suspension is filtered in a nitrogen atmosphere and washed free of
sulphate with a total of 150 ml of anaerobic demineralized water.

20

The white filter cake is dried in an nitrogen atmosphere at 130° C.

- The phosphate mixture obtained in this way is heated to a final temperature of
25 675° C for its transformation to the triphyline phase in a nitrogen atmosphere.. fo
which 1 volume % hydrogen is added as reducing agent. Heating commences with
room temperature and rises at a heating rate of 3 K/min. This final temperature
is maintained for 12 hours. The addition of hydrogen/mnitrogen is continued
during the entire tempering process.
80 The analysis of the particle sizes of the lithium iron manganese phosphate
obtained according te¢ the above process is shown in Figure 3. The average
particle size is 2.63 pm with a very narrow distribution of particle size.

35



From 0. 13 nol (13.57 g) of lithiumdi hydrogen phosphate, dissolved in 100
m of demneralized water, and a solution of 0.098 nol (271} %'{ngQSOn
(I'l) sulfate heptahydrate and 0.002 nol (0.34 g) of nanganese
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pr evi edsty—anaerobi-e—agueous—sorut+on—of—6212—ot—(8-94—g)y—of—Iithi um
hydr oxi de monohydrate, dissolved in“%0 ml of demineralized water, is
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at room eprrperature 20 The white suspension is filtered in a nitrogen
at m)sphere and vvashed free of sul phate with a total of 150 m of
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(13. 9Qt@dspidre] BAA thelHottdih fabaubepd ahydeatfeed Bf 6QipHatofwith 20%tanweous
sol ut beRg,Pfr axpa%lr%&ua% gﬂeaﬂggg e,lat&O%Q thgﬂclﬁ{em@&éra[mm%ghr 113G A

prgvi ousl'y anaer obi ci ze aqueous solution of O 7 g) of lithium
hydr oxi de nonohydrate, dissolved in 25 nl of demneralized water, is
t ri cklTed phusphate sixtiuxe whtaiog@dringthis way is heated to a final temperature of

675° C for its transformation to the triphyline phase in a nitrogen atmosphere, to
which 10 volume % hydrogen is added as reducing agent. Heating commences
with room temperature and rises at a heating rate of 3 K/min. This final
temperature is maintained for 12 hours. The addition of hydrogen/nitrogen is

20
continued during the entire tempering process.
The analysis of the particle sizes of the lithium iron phosphate obtained according
to the above process is shown in Figure 4. The average particle size is 2.19 pm
, with a very narrow distribution of particle size.
25 '

Example 4

From 0.13 mol (13.57 g) of lithium dihydrogen phosphate and 0.1 mol (27.80 g) of
iron (II} sulfate heptahydrate a homogenous mixture is manufactured with stirring
in 200 ml demineralized water (as in example 1). A previously anaerobicized
aqueous solution of 0.212 mol {8.94 g) of lithium hydroxide monohydrate,
dissolved in 50 ml of demineralized water, is trickled into this mixture over a
period of 4 minutes, with the mixture being stirred at room {emperature. This

30

a5 resultsina white, lightly settling suspension with strict exclusion of oxygen.

The suspension is filtered in a nitrogen atmosphere and washed free of sulphate
with a ftotal of 100 ml anaerobic c_lemineralized water.



period of 3 mnutes while being stirred at roomtenperature. The resulting
stable, white suspension is broken by the addition of 500 ﬁn of obi c
et hanol (99.6% . Thereafter, the sedinent is centrifugat dd ( B&%
under a nitrogen atnosphere, and the bottom product is washed free of

sul phate with a total of 200 ml of anaerobic dem neralised water, and then
dried under nitrogen at 150C. The phosphate m xture obtained in this way is
heated to a final tenperature of 678_-Cfor its transformation to

thetri phyline phase in a nitrogen atnosphere, to which 10 vol une %

hy dr ogerhansogadded. sscidedlipiingnagefitctutddafriony teo mhdtec 8 er wakh widbnihe

t enpera{difién ad20i et At 1@6hRRtdsRIssRl@®nOfFolld¢ing fhisl hinprédidtion, t @¥per at ure
I s mai 1) I‘gﬁﬁ% 9L x?aq{?#rgen%— ql(yrglagqsgt diydrogen/ nitrogen is

conti nu e en r| ng process. The analysis of the particle

sizes of the I|th| umiron phosphate obt ai ned according to the above
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sti rridogtinued 200-inyg ttcbemtnertafnpzeahgwabecss(. as in exanple 1). A previously,
anaer obi ci zed aqueous solution of 0.212 nol (8.94 g) of Iithium hydroxide

nmonohydrate, di n 50 m emnerallzed r S, trickled into
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W th shith etvee) GlanSivodisefibObiyg ef patinde sigpension is filtered in a nitrogen

at rmsp'here and washed free of sulphate wth a total of 100 m anaer obi ¢

dem neral iized wat er C T.2005 -8 A honog e)r?ogs Vi ScCi
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ni t% 0@epadity s plRpesteal chkbBirg. afd Hisdburglhg of the battery. The galvanostatic

electrochemical measurement was carried out in a glass cell filled with liquid
electrolyte (LP30 manufactured by Merck) in 3-electrode arrangement with

counter- and reference electrodes made of lithium metal. The current strength

measured a constant =0.26 mA, which corresponds to an area-related current
density of 0.26 mA/cm? or a theoretical charging/discharging rate of capacity
{C)1/20 h. The potential limits were 2.9 V and 4.0 V versus Li/Li+. As can be seen,
‘no cycle losses occurred after 40 cycles, which indicates excellent reversibility of

20

the inventive lithium iron phosphate.

Finally, Figure 7 shows the charging-discharging curve for the first cycle of the

25 measurement described for Figure 6.

Example 5

30 100 ml of a solution of 0.05 mol (19.61 g ammonium iron (H) sulfate

heptahydrate, dissolved in demineralized anaerobic water, is poured in 100 ml of

a solution of 0.25 mol (33.04 g) of di-ammonium hydrogen phosphate in anaerobic

water under constant stirring within 1 minute. After a further 5 minutes stirring

and with strict exclusion of oxygen, a white, quickly settling suspension is

35 obtained. This suspension is filtered in a nitrogen atmosphere, washed free of '
sulphate with anaerobic water and dried at 75° C. The driéd precipitation product
consists exclusively of spherical powder particles (diameter < 5 pm) of the phase
ammonium iron (II) phosphate monchydrate.



For transformation to the triphyline phase, the honbgenous phosphate

| actose mxture is heated, starting with the outset room and
with heating rate of 3 K/min to a target tenperature of 7;%{:?2085

ni trogen atnosphere. This final tenperature is maintained for 12 hours.
The addition of nitrogen is continued during the entire tenpering process.
The analysis of the particle sizes of the lithiumiron phosphate obtained
according to the above process is shoewn in Figure 5 The average particle
size is 2.70 pm with a very narrow distribution of particle size. The
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oxxgen, a white, quickly settling suspension is obtained. This suspension
i s"TilExomaplei® a nitrogen atnosphere, washed free of sulphate with
anaerobic water and dried at 75 C. The dried precipitation product
consi sts_excl usi vely of spherical .powdar .particles, (diameter <5 pm of the
phase =% probi el B Hipresanbel SER b rﬁl T.°D OCT Zoos -9 For
further transformation into lithiumiron phosphate, 0.025 nol (4.67 g) of
the 0.025 ml {4.67 g} of the precipitated ammonium iron (Il} phosphate monchydrate
from example 5 is added to 2 ml of a solution of 0.0265 mol (2.68 g) - neutralised
with citric acid - of lithium acetate di-hydrate in anaerobic demineralized water
and stirred to a homogenous suspension. With constant stirring, the suspension
is carefully heated without boiling and the water part vaporised, until the
suspension solidifies during cooling into a crumbly, bright green mass. This mass
- is then subjected to a drying and tempering treatment in a nitrogen atmosphere.

25 This treatment consists of a 6-hour heating phase, in which the mass is heated

from room temperature to 675° C, a temperature maintenance phase of 12 hours

at 675° C and a six-hour cooling phase. The resulting granulate is ground in an

20

agate mortar, until a bright grey powder is obtained. The tempering product
consists of LiFePO, (Triphyline] and additives of lithium phosphate (LizPO,).

magnetite {(Fe;0,), and wuestite (FeO). This product centains no carbon.
30 :

35



precipitated amoniumiron (l11) phosphate nonohydrate is added to 5 m of a
sol'uti'on of 0.00875 nol (2.47 g) of tri-lithiumcitrate r rate -
neutralised wth citric acid - in anaerobic denineralizzgﬂdgt§f2§b§
stirred to a honogenous, 5 fluid suspension. Wth constant stirring, the
suspension is carefully heated w thout boiling and the water part

vapori sed, until the suspension forns threads and solidifies during
cool i nginto a caranmel -type Vi SCOUS {ass. S mass 1 s en subjected to
drying and tenpering treatnent in a nitrogen atnosphere. This treatnent
congi sts of a 6-hour heating phgggentl (latddsCh the nmass is heated from room
tenperature to 675 C, a tenperature nmi ntenance phase of 12 hours at i0 675 _
C and a si x-hour cooling phase. The resulting parous, hard sinter cake is
br oken 1t R atfaranfd gratenpagr bibiem Rivsphalysabgsreral frgitilag bl ack powder
is obtained. The tenpering product consists of LiFePO4 (Triphyline) and
smal | quantities of additivesy{re 3t m8pbithi um phosphate (L13P04) and

i rof phosphide (FeP)_ This product contains approximtely 10 vol ume % of
anor phous carbpn. 15 Exanple 6 acetate- Manufacture of LiFePQ4 inn re n
with | FESTHmMM. tepsesants At deasy posrelementpplediepgrodp comarim®s &M T oh 40 1)
phosphatre Gmoh@dr ZbeBe.2ZBgf CanSex@mplleZs angl Izdched to 2 ml of a solution of
0. 0265™lepfesefifs S lensNBHE LRIMSRDGWIE Bréil bh&pAsing sc.Of 1, b (Chi MR eet ate
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wi tlRou®™tFoi | i ng and the water part vaporised, until the suspension
sol i di ki=cisetdieen 005 aadll,ng into a crunbly, bright green mass. This mass is
t hen sgghggk@gibquglggying and tenpering treatnment in a nitrogen
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temperature and approximately 200° C and tempered at a temperature of between
300° C and 1000° C.

20 2. Lithinum phosphates in accordance with claim 1, wherein the phosphate matrix

further contains carbon particles with homogenous distribution.

3. Lithium phosphates in accordanece with claim 1 and/or claim 2 that have an
average particle size of less than approx. 6 pm, preferably less than approx. 3 pm.

25 4. Process for the manufacture of lithium phosphates in accordance with claims 1
- 3, characterised by precursor compounds of elements Li, Fe, M! and/or M* being
precipitated from aqueous solutions and the precipitation product then being
dried in an inert gas atniosphere or a reducing atmosphere at a tem‘peratu.fe
which is between room temperature and approximately 200° C and tempered at a

0 temperature of between 300° C and 1000° C.
5. Process according to claim 4 characterised by the precipitation and/or the
drying and tempering taking place in the presence of additives, pfeferably organic
compounds, which under drying and tempering conditions are transformed into
matter that improve the pfocessing and electrical material characteristics of the

35  lithium phosphates.



20 Patent Clains 1. Binary, ternary and quaternary |it es of
- general forrmula Li(FexM 1yM2OP04 wherein ML repr esenti Umfgezms

el ement of the group conprising Sc, Ti, V, G, M, Co, N, Cu, Zn, Be, M,
Ca, Sr, Ba, A, Zr, and La, and M2 represents at |east one el enent of the
group conprising Sc, Ti, V, C, WM, Co, N, Cu, Zn, Be, My, Ca, Sr, Ba,
A, Zr, and La, with x = between 0.5 and 1, vy = between O ,and 0.5, z =
between 0 and 0.5, provided that x 4.+ z =1, or x =0, y =1 and z =0,
the said |ithium phosphates bei ng obtai nabl e according to a nmethod whereby
pr equr $0Pre@sp autnaisling tekewmrit shdiactdFmed Vb thattior af@itiyee ugeddégyl tared from
aqueous, i Hﬁéw%ﬁﬁﬂuhhﬁ §if €6bbh tHrtieksPROBE hhbspHdte mafri:edten R i nert
gas at m)sg ere or a red ucing at nosphere at a tenperature which is between
room PRASFEPSHRERS8F SR mat el y 200 C and tenpered at a tenperature of
bet ween 300 C and 1000 C. 2. Lithium phosphates in accordance with claim
1 V\hel'?eIH‘l'oEdE‘E% pbesfhat eo Nt 65 afhidy bhed chan@ensed dn bidvat peniyalkilenewi t h

an d PICisLs d's%éx{c'rt]lgfgﬁt LQPch %enlvhﬁgﬂ o Qpr%lt@mg;g% deﬁgﬁ%?&lr ectﬁm&t hgtn E)Elsﬁlr gl m|6 .
v i si z SS pprox. 6 . ..
pm pr §f"§’r°é‘g11§/af:‘él§s°r ﬁ c%ﬁ‘ﬁf?‘g"%?%‘?ﬁp% iAdeBr Tcess for the manufacture of

lithium phosphates in accordance with clains 1 - 3, characterised by
precur 0rueospatinds phospiieatis ddcordemceMiithndaioms NPt i og thprigbipnt at ed -
from a?;p@ g}'gfatﬁglomeh %aé&% LR oPfiRCh MLl &lek QR RESHGEe hhﬁﬁcllaﬁhag; tglf7ied in

an ine ere or reducm pher t ate e whlch is.
betlReedsr EBPHE NS ‘?ﬂaﬁ? emaﬁ‘(ﬁh'é‘ﬁbr %H'fal FDSQGﬁe%%HH PEp ala’d :
t enper datiegesf bet ween 300 C and 1000 C. 30 35 5. Process accordl ng to '
claim4 characterised by the precipitation and/or the drying and tenpering
taking place' in the presence of additives, preferably organic conpounds,
whi ch under drying and tenpering conditions are transfornmed into matter
that inprove the processing and el ectrical material characteristics of the

i thi um phosphates. 10 OCT 2005 - 11 -
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1 6. Process according to claimb5 characterised in that the additives used
|l ead to a honopgenous distribution of carbon particles in&@eg@gsﬂ%e
matrix after the drying and tenpering process. 5 7. Proc r to
claim5 and/or 6 characterised in that polyal kyl ene glycols, starch or
starch derivatives, sugar or sugar derivatives, nono- or poly- carboxylic
acids or their derivatives are used as additives. 8. Use of |ithium
phosptates T accordance w th ciai T to 3 or the Iithium phosphates

obt ai ned according to the processes in accordance with clains 4 to 7 10 as
catihode materials in lithiumaccyfpdedby s, preferably secondary lithium
batteries. 15 20 25 30 35 10 OCT2005 -12 | Abstract The invention rel ates
to binary, ternary and quaternary |ithi um phosphates of eneral faormul a
Li ( FexiVE MREPOaDiis&ates o W“?’éfprfé?é"f‘i‘tysaafl qefetnagy dithiumepbosphates il gr oup
conpr igehnepl Sormilia, LiFe, @' MROPO Covhelbin Wil reBrgseBts atigasCaneSelenBat ofl , Zr,

and Laje Meoh SRS %@i 8¢, fle%brom @oermnt:uofz:lt h@ ﬂfgom GRIRPGI 3,2k, sc, Ti,
V, &Cr = bet ween

0.5 afdd! 3}&@ re%rgf natée%‘ﬁamff %{gmicc% Ob%\l\é Oulbcomanﬁi g‘glr’i(;lvl‘a)escdr that x +
Ly + z Mn1CogNiL O %, Be, Mg. 1Carif. Bac Ad. Zrians ik |ibehvesh Bi’%é‘ﬁﬁa]t &=can be
obt ai netgwes orahid@.5t @ -abémichod amd @& byropidauihaox €gmpountiseonk eDepent s Li,

FreeCML ?‘%%Vd(y MZTﬁe Saf ﬁ&h@nt;ﬁ{&ilh;&sf ERMHAYHEINST S dthiN® 2RckihbE
p I I

oduct 1Is | e ucin
D oS HE b Prer Rt RIS, DAL hatvEertls 3B oF Magearteutgga o 9
apir oirqmt@wogecﬁc@m aafpdecpresipitatianpeedincir & drieddnyarninegp@as and
1000 GimbBghéravenkiréautinghitdbsphesphate seripatratiarevehicbhisgbeta@actdgm when
used 35,6alNRAC NRLEDIAlmbRy) bbh BM.AE CIHEREUtS: tehPpaQtd? thedween
300° C and 1000° C. The inventive lithium phosphates have a very high capacity

when used as cathode material in lithium accumulators.
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