1 0 OCT 2005 rroos9,~ -1 Binary, Ternary and Quaternary Lithium Phosphates,
Met hod for the production thereof and Use of the Same 5 h el he

I nvention The present invention relates to binary, terna??ﬂ g&@ﬂt@@@ r(é‘f@ﬁ"’”
l'ithium phosphates, specifically lithium iron phosphates, a process for
their manufacture through precipitation from aqueous solutions and their

use as cathode material in lithiumaccunulators, specifically secondary
lithiumbatteries. State of the Art 15 20 25 30 35 Lithiumiron phosphate
causes reversible de-insertion of lithiumions wth an el ectrochem cal

potential of approximately 3.5 V versus Li/Lip-. The theoretical specific
capacity neasures 170 mAh/g. The capacity of the known TTthiumiron
phosphat es at roomBirarpeheapay anl Quategpary dyithiymp Rhespliatesr nal | y neasures only
70 - to 100 mAh/ gmeifla theME peddukBoline Rl Q6L F e ertion of lithium
ions has hitherto been observed, 1n addition to tor Tithiumiron
phosphates, only for [|ithiumiron nmanganese phosphate m xed crystals and
l'ithium cobalt phosphates. Lithiumiron manganese phosphate m xed crystals
shaw two potential plateaus at 3.5 V and at 4 V versus Li/Li+ and a
reversi bl e specific capacit\igld phthmIinvgadtiomih/ g. Lithi um cobalt phosphate
shows a flat potential plateau at 4.8 V versus Li/Lip- with a reversible
capaci ' 1149 | hither crjbe ocesses.for the
manuf gtr%éuﬁiereg‘?rﬁ: ﬁ%{gaﬁum | %é%ﬁp%hgt%&rgén%ﬁq&gﬁgr %ﬁ%hggéﬁ’t&&éﬁ \e/liltrtllé%mcan be
consi ASPERRAESs sPelicaiy Kthipgcrer gdosphates. apivprasior thelyi manetpsterear e

t hose throwgbs pesripitation e iagui®i9 BoUGEGs atd thbirddd; 382acodAOMRO4EA680.
Thgse 18 Glthfms bt EmbI OGRS $PScBRABY akéon ¥ dithudn vak@pding of pul verised base
materials primarily by neans of wet or dry refining, before they are
subjected to heat treatnent for their chem cal transformation. The
reaction product that is gai neftdt§ e 8f of a sinter cake or granul ate
must then generally be broken, ground and graded, before a technically

pr ocessabka 1ra?ﬁguﬁg_prﬁa@@ c!aafeptr?ba%dﬂe 2&1@@&@%&/ ﬁﬂrt lfi"tgll?émoion%o%v!it(ﬂf ahfthet
proce | .Sl er enper.atyres. an ng. rurpnace ti nes at are
of en%%§§r§§é§?§c~ o‘?'Ot? %‘f‘%ﬁsopgﬁgﬁgxég'la ¢ a%‘gf gr‘r_’%??%ﬁ‘,l? B ﬂﬁi @heelr%%‘éalt o high
ener gy?P‘é*B@? CAPARILY dEFIUS 6P ldCetrAh/g. The capacity of the known lithium iron
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.



Gi ndi ng processes also increase the risk of inmpurities occurring, which
can often be critical, particularly in the case of electr

applications. In addition, the broad particle size di StrI?Qt ﬁﬁiﬂmed
by. the grinding process generally necessitate a grading of the product,
whi ch can also lead to material losses. 10 OC T 2005 -2 1 Object of the
Invention 5 The invention is therefore based on the object of providing

| it hi um phosphates that show high specific capacity in their

el ectrochem cal applications, even a§_ roomtenperature. It is also ained
at providing a sinple and i nexpensive process for their manufacture.
Sunmmary of the I nvention Thebjdavwef 3y bBotenitorachi eved by binary, ternary
and quaternary lithium 10 phosphates in accordance with daiml and a
process for their nuf n_ageor evvlth ma4.  Preferr dor
partic af?‘ﬁf“ﬁtpgctsn%ﬁre on%oﬁsrf#ar?t“s ot @ Jr?c mVIdtm tl l?’nlma)holsPca ion are
" di scl ohed shew féels pperificngapanity j insthais r?é%ﬁtrQ?F‘eFH‘éal ?Rﬁétﬁart’éﬁsr $Vemetlef or e

bi nar yrooke tdinparading. GUBL Ssoalied it proviiphos phapksant ingpresiak froceas a

Li (%e)@g;. Nl B aQ5 30 35 wherein M. represents at | east one el enent of
the group conprising Sc, Ti. V, C, WM, Co, N, Cu, Zn, Be. My, Ca, Sr,
Ba, Al, Zr, and La, and M represents at | east one eI errent of the group
conprising Sc. T| V, Cr, famugyy of\the &P’CHZH’“Be My. Ca, Sr, Ba, A, Zr,
and La, with x between 0.5 and 1, y = between 0 and 0.5, z = between 0

and 0. 'ﬁle %Wed%g ctcpazs Xachxé(rea % bl'n alyl te?i‘ngry yind %Jngl.%rg Litgisql d
I|th|umphos hat e ei.n ‘ﬁtg eacc rdin

ereb
pr & urRhgspEg oﬁh&%c"é'fla‘F mp 8?%rf°r eé‘%é“ V{/{e}ﬁftﬁ’irgafled from
aqueolscgulandeowith ildim He Rreteeiqsh PamaethﬂeddtncrtaCFlsalt trehodimesdsiaf the i nert
gas aduppsihaTae @ppAcd@siusid@isabiBs phetiesabelaicienper at ure which is between
room tenperature and approximately 200 C and tenpered at a tenperature of

bet ween . 300 C and 1000 C.
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

20

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. '



A second aspect of the invention is a process for the manufacture of .t hese
|i t hi um phosphat es characterised by precursor conpounds off § €@t 3005, . Fe,
M and/or M2 being precipitated fromaqueous sol utions, and the
precipitation. product then being dried in an inert gas atnosphere or a
reduci ng atnosphere at a tenperature which is between roomtenperature and
approximately 200 C and tenpered at a tenperature of between 300 C. and
1000 C.10.0CT2005.-3- A third aspect of the invention is furthernore the
use of the lithium phosphates as defsned in.the first aspect or the
l'ithium hat es, obt al. ned, according to the processes as defined in the
second a@%ﬁ'@% Ped OP%%TWBH’@ iHrthsrnorr Seiuse qf thefifhinm phoenbiated asdefinsd inghetirarr abl y

secondarasperior Hie ithitpehbsphiteobtaihackirtil b8l Sefin PR Qe doRE 3L pgaDI 6. 5
10 15 2Q 8Mh.Detalit ﬁqitﬁ%&%ﬁh;&n of. the Invention One surprising result of
the invention 18 that the i mvaneiPreineeuday|ibimdataies. The lhivabeiaigs novel
| i t hi umephltssphareesblewi th a special surface structure, low particle size and
a garrow particle sizBethiled Disgeriphion_pf bhedmpbmtdphat es i n accordance with
the invention show a capacity, neasured at roomtenperature, when used in
l'i t hi oReanGpridhal AL : mAh/ g,..which is nore than 90% of
t he p%rc%%é cg?lﬁiﬁbgéfogﬁlélge?ﬁgﬁ? ﬁ,th\%ﬁgjﬁ_‘%é%"%(g%a‘?%ﬁs PPEFfedsH JRosphat es
manuf Bct ur et By frean S BPHPspirr Wil yseeditles piteressustusivolev @pakiciei es of
up to%ZpMnd appBew payticleApizg. distributieref Bithadn qitbeghaent in theoph@sphate
hmat ri withfthhgu_ﬁvd:mtﬁn*s}jmbe al dalphbity) mRRSS RIAL €50 il @I_:,fﬁb@lsatﬁ@é,bogﬂerpgrsg& %'lef] with
O RS , i | ea t signi f.lcant 1ncrease In their
cgdrslrgut%ti bi | i c?%{%%%g gg(‘i‘ p\é@oag%gég‘ﬁs f"b‘?h ’Zg(e{” (R s opgre fhan9Q36 of Shej ng,
ext r uSEBIFRGRE Vel £b1 478 s Bt/ &updiasrescompadile Hthigm r piasphans of
par t i Bpeulagisdeaticons of regilay enlidvatatd phidessRhosphabpscftisktdraignes e show
pr ef emmaphypadx. averagr/particle size of less than approximately 6 pm

preferably | ess than approx..3 pm The surfaces neasured according to the
2 m2/g. The lithium phosphates obtained

BET Het hod %r e gener al .y approx.

op, t h8 Badreebrd; REbrHifemt viheprbtsebaby ematni téfethor invieative hbtimosd  part  of

pur e PhiesBbales qoiésing atladm paftitleexatphemdgessus Wiapibd¥od, WhiBhasphat e. The

| NVens iavaghifichht Mphosniates éoxﬂu%ﬁ%%{ AahUREL PYodIEANS Pf- &ML

pr eciyhl LRLLGMof il OBl 3FHE Ve T5E LT o B B St o
reduction of particle agglomeration.

e escort substances, as well as a

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 m2/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 aqueous 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 -litﬁium or zﬁnmonium.
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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 phosphatés, 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 a.ny_possibl_e values. Additional application of Iithium hydroxide can .
_have a positive influence on the pH value of the reaction medium.



Suitabl e base materials are soluble lithiumsalts, irons salts and sol ubl e
salts of the elements ML and M2. as wel |l as sol ubl e phosphaq [Hﬁ]]?g@ﬁun1
or amonium Setting and naintaining a suitable pH val ue of the aqueous
solution during the precipitation reaction, a suitable choice of
tenperature, by application of additives influencing vi scosity and

i nfl uenci ng the bl ending conditions can have a decisive effect on particle
formand particle size of the phosphgtes I1n line wth the desired mat eri al
characteristics. Varying the stoichionetry of the applied salts g5 all ows
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hydr oxi ositive Influence on the pH'v the
react i 5f- Reditfth 40 ‘06 -4 | 5 10 15 20 25 30 35 According to the
i nvention, the iron in the lithiumiron phosphates can also be replaced by

at | eashe q:ﬂ@mﬁfsof hgateli@ P BLEINEd Mdm Me Svenble fpocipMatiofUseadfion Bﬁ',e |VQ,
Ca, °Sr gy Baye M iri | Elattoagquhﬁ‘idl "Ea P P fe?&bl?ﬂi &oh, a+x§d Qf?éx"f"t&?nﬂgxfe{ﬁi

|nvent|ve precip I on react]on_ar to rate

of pr efeERERITE ‘%%ﬁt‘ﬁﬁ“c{l BR8n G ardefan” At %herﬁ%ﬁéﬁ 4EHPETIBE tBE‘F%vBE’ﬂ‘FCSOO C
and 1006d€, sighigicently riilderteomdétimmgridleaboveladic én sherdder perigits fliagaistdtye mi | der

condi téﬁaswﬁﬁ%nﬁﬁ?meaédm -t hé?i’cfti%hspﬂhk‘ﬂ@sdxtﬂl@ahé tEhl%enﬁ@&& I\Nghh

conpar, e s sta n [i n gh
tenper%trnﬁeésglres { :H;)e%re o) r?ertB# i%g e%le’lrpl(.,g ﬁ rgo éll’ls usec[ar gon, s
ust@l, anghdtiip 4@8&&&%9&9’60% igert g@s ﬁ@?sme dﬁﬁﬁgiﬁné‘rﬂéltﬂ‘é@él flaght
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order fte@RifQVidfsphefceduci ng atmosphere. In one variation of the inventive
process, it 1s notl necessary to isolate the precipitation product and to
dry it prior to the tenpering operation. It is also possible to vaporise
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C 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

20
temperature is maintained and a third phase for recooling to room temperature.

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.



and preferably between 600 C and 750 C, a phase where this increased
tenperature is maintained and a third phase for recooling tﬁ@o&@'j’ »
tenperature The precipitation and/or the drying and tenperi f @
takes place in the presence of additives, preferably organic conpounds,
whi ch under drying and tenpering conditions are transformed into matter
that inprove the processing and - electrical material characteristics of
t he | ithium phosphates. O particula_ iTnportance for such purposes are
additives that |ead to carbon particles in the phosphate matrix with
honpgfmgusesd igst-r bsfidvonhafl teulishef dnyi pgt@id siRMpALiyBEs oir OreSishiuSame
exanp i r re pol yal kyl ene gl ycols,
such 4 %ﬁﬁgﬁﬁegﬁ§ é#%caﬁg %f&g%%%%hiﬁyéﬁqhggg#%ﬁgder|vatlves sugar or sugar
derivatives, such as Iactose, nono- or poly-carboxylic acids or their
deri vatigues 6 showpaht i aygliarbepaiiphy dhbssgmedr oshiiging endsdisshaiging thetri ¢
aCI ds lthhah eﬁﬁ&,@hadad danV@Sctufé e abEHAGE &F les@Gphy 4t Raien etk liktysddoakuncti on,
é@ﬁ(ﬁﬁ@akggﬂtﬁgﬂﬁﬁ Eugﬁgghéﬂpns al so as an intrinsic reduction
err

neans i on aracteristics as material enhancers (see
exanple 4 below). Short Description of the Drawings Figure 1 shows the

X-r ay Kgafe Tt slowsli gr zbaofingdésdhiarding meirwen fpholdyshdiret qyehufafcttbeed

accor dhfurOmexerelmgdre 4. . 0 OCT 2005, | 5 -5- Figures 2 - 5 show the
results of the particle S|ze anal yses of the lithium phosphates

manuf actured according to exanples | to 4. Figure 6 shows the cyclic

beHavi our observed in chargi ng af8@P%harging the |ithi um phosphate
manuf actured according to exanple 4, when this is used as cathode materi al
in a lgdpm@apccunul ator. Figure 7 shows the charging-discharging curve for
the first cycle of the neasurenent for Figure 6. 10 Exanples Exanple |
Manuf acture- of Li FePO 15 From 0.52 nol (54.26 g) of I|ithium di hydrogen

phosphidanufagfgre of LiEPQL111. 21 g) of iron (I1) sulfate heptahydrate, each

di ssolved in 400 nl of anaerobic dem neralized water, a m xture with

horrogenglisy %bslp.sf &uag? ng ommmﬂphu{ya@o éﬁ@ﬁﬂoéﬂtﬁ@@'%ﬂd'@4%ﬂoﬁ(ﬁq5@h e of
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vvat er derrgn@naih@kdl cvatient & mhtare With r komoggnoxsp dispsesion 1}:-5manufactured

when blended in an atmosphere of inert gas. 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

20
minutes while being stirred at room temperature. This leads, with strict exclusion

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



m nutes while being stirred at roomtenperature. This |eads, W|th strict
exclusion of oxygen, to a white, lightly settling suspenS| geTszlqgén
suspension is filtered in a nitrogen atnosphere and washed free ate
with a total of 500 ml anaerobic dem neralized water. The precursor,
obtained as a white filter cake, consists of |ithiumo-phosphate and

Vi vi ante—{Fe3{P4)2-hyarate)r—antd—+s—dri-etd—+nart+aHHy—+nnttrogen—at—15. 0 C
For transfornation ) to t he triphyl'rﬁe phase in the nitrogen stream the
hongpgepous xtur i ni t| te om
teggergf Lﬁ’ corcrr%e“ﬁ%ﬁl ng Ettf ﬁm ea y 1?32:?6 %f %‘[‘ nQHEI}ePgIr}ge

t enper Bbdfe of 650 C, whi ch terrperature i s maintained for 12 hours, and
then heated at the sanme heating rate up to a final tenperature of 675 C.
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can 1 Paftidle $iz2G0%2.2Hnmbeitls ecmrtatdistitbutivrest particld sikée.um i ron phosphat e
has al nost an entirely pure phase. 5 The analysis of the particle sizes of
t he |I§F um i ron phosphate received is showmmn in Figure 2. The particle

sizes 5F&™R%&ured by means of a light scattering method using standard
equi prent (Mal vern Instrunents SBOD). The resulting average particle size
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nitr ogegmﬁ{amﬁﬁaﬁ&eteam@l tridRRaed s 18R Aixtusdibphad petblbra fndt@lesafhild0 nl  of

‘anaerogl C 1rrecﬁata1|"c! zeg tr%{ur The white filter cake is dried in an
nltrogen ere a The phosphate m xture obtained in this way is
heated to a flnal t enper at ure of

‘ 20 The white suspension is filtered in a nitrogen atmosphere and washed free of

sulphate with a total of 150 ml of anaerobic demineralized water.
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 procéss is shown in Figure 3. The average

particle size is 2.63 pm with a very narrow distribution of particle size.

35



25 675 Cfor its transformation to the triphyline phase in a nitrogen

at nosphere, to which I' volune % hydrogen is added as reduci Q] 2@0@
Heati ng. conmences with roomtenperature and rises at a heat ﬁgg f 3
K/min. This final tenperature is maintained for 12 hours. The addition of
hydrogen/ nitrogen is continued during the entire tenpering process. 30
The anatysis—ef—the—partiete—sizes—of -thet+ithiumironmanganese phosphat e
obt ai ned accordlng to the above process is shown in Figure 3. The aver age
partlgge S|ze%b .63 pmwith a very narrow distribution of particle size.
351 lf 005 71 Exanpl e 3 Manufacture of LiFePO4 with use of

addi tives 5 10 15 20 A honngenous nlxture is manufactured from 0. 065 nol
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20% aqueous solutlons of polyethylene gl ycol 20000 and a simlarly
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fors 1 tron o ogen/" nitrogen I's continued during the
entire tenpering process. The anal ysis of the particle sizes of the lithium
i ron Fhogpivepbatbinikined odtdordiingthis ovayhs htrded tprodieed tempstadure oA Fi gure
4. The7zsves RgetPahhifelBatbg @o ithe LripByRAt phkkd iR a@ti g ataWsphéle! kdut i on of
parti ClhechSII%)evolume % 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 atmospheré and washed free of sulphate
with a ftotal of 100 ml anaerobic c_lemineralized water.
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el ectrtgyte {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, qutckly 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.



(©/720 h. The potential Iimts were 2.9 V and 4.0 V versus Li/Li+. As can
be seen, no cycle |osses occurred after 40 cycles, which Hml

excellent reversibility of the inventive lithiumiron phoggﬁaﬁ@q‘eipnﬁl ly,
Figure 7 shows the chargi ng-di scharging curve for the first cycle of the

25 measurenment described for Figure 6. Exanple 5 Manufacture of LiFePO4
with carbon content by inpregnation with lithiumcitrate 30 .35 100..mM of a
solution of 0.05 nol (19 61 g) anmondumiron (I1) sulfate heptahydrate

di ssolved in dem neralized anaerobic water, is poured in 100 of

sol Lt i a7 wtier Awangprpation ntg) Lihiug ramphiosnhnisy Gr&Femad H%?Jh@t%f §

anaer ghiecipita@td mouncennc orgt it peésplratagnundtyidrate s pdded tAfd enl af furt her 5
m {1 H Esd1tibsh e Moo gl nmit(b St g) gf tﬁzqedhmoat&fte Q&&Qﬁﬁ%raﬁ whidiraltdedc klt y

se |n sus ensi.on_is pensipn.is .fi ni t rogen
at nospht %g‘ﬂgd P %réae(ff’gl m‘nnetr Qflze fﬁa%n‘P%tlrred et Tig g‘g)gjglﬂmg% ‘at 75
C. Theﬂlésiril sUSpIEaop| WAt (ﬂﬁ’%%ﬁué‘f‘ff%g}n@%t@%ﬁ{?ﬁ‘ﬂ‘él %%I%?I%ff‘ué’pﬁéﬂeéal
pomderwimnmtw Bbitisig (didatiet wites parpmpafisddheuphade suapasiouformsrihfddds

phosphgt.e s&ﬂﬂﬂgy q{@ltn? cogjhng ifela %Q%elgt}%@rwéwutshﬂﬁsg r-8fs 4 dPdsi @ni Nt O

I|th|um|ron ted ni um
iron (§4Bye g?’é‘ nglémg 5&58885‘9% & rﬂlg&gg "&npqsﬁ' Fori of ~0. 00875
nol (quevtng—;)rlto:rowmts |of ?Iﬁ‘@ﬁpélhéelaﬁ@é Rleascahy griicl the qagy i hevdigd fmmh citric
acid -robfh aaapERbia: desrieald zadpuaitere andngdrance hHaaeofhd2rdgensus, 5

fl PENSILY- s&%nr “08hE YN a3kl TheWQsuldifs ﬁ&ﬁ%‘&%”ﬂa?& difbtes AAleUls! Y
hea w t hout boi | (P; e vvateruCrgtgrt vaqurla g#ﬁg}‘{ t he suspenS| on
forns tirﬁl‘ﬁ%tdg arhﬁ‘ﬁatseo‘F‘ Eﬁaflaé’él oMy 1§ 7§ &0 Fscous
mass. oHiaimerdnskhd dempemnng spividact ecpniséstdr ¢ rIgF%ﬁQk t@lﬁpbﬂﬂw@ ﬁﬂéaﬁ%ﬁt in a
\rllvlnt r ﬁg:ﬁfhxﬂitmasahsdhﬁtwé@(é 394 r Falitiiin fRESIELS (Df,Pa)6afi@uroh@ivkpRidehase, in
iC S$S. 1S 8 erature

mai nt e%gﬁce p Iéoed ugfgﬁrgtgﬁ%s{)%@r();{&g@ %;gg@ %roa EaﬁJ é??(tgég%@%sg%%r?’% phase. The
resulting porous, hard sinter cake is broken in an agate nortar and
grlo%ncﬁxamplel 6a snooth, flow ng black powder is obtained. The tenpering
product consists of LiFePO4 (Tri phyI i ne) and small quantities of additives
S hi de (FeP). This

~COorit i ‘ —anor pnous carbon. 15 Exanpl e
6 acet at e- Manufacture of Li FePQ4 |rrpregnat|on with lithiumO0.025 M (4.67
g) of (.05 pnkel.§f ghvetheaprmipitated raammphiym phos Raplecspbadh pehrethy drate
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with citric acid - of lithium acetate di-hydrate in anaerobic demineralized water
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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
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



20 frgn1exanp|e 51is added to 2 m of a solution of 0.0265 nol (2.68 g) -
neatralised with citric acid - of lithiumacetate di-hyd } naer obi c
dem neralized water and stirred to a honpbgenous suspensﬁgﬁﬂ0t$ﬁaﬁ§ghstant
stirring, the suspension is carefully heated without boiling and the water
part vaporised, until the suspension solidifies during cooling into a
crunbly, bright green mass. This mass is then subjected to a drying and
tenpering treatment 1n a nitrogen atfpsphere. 25 This treatment consists of
a 6-hour heating phase, in which the mass is heated fromroomtenperature
to @75 C, a tenperature maint enghatamtptasmsof 12 hours at 675 C and a

si x- hour cooling phase. The resulting granulate is ground in an agate
nortar, until a bright grey powder is obtained. The tenpering product
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(Li 3PO), magnetite (Fe304), and wuestite (FeO. This product contains no
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acddr d¥id t o a met hod whereby precursor conpounds of elenents Li, Fe, M
and/ or xM?hatwveepOeT hpd tlat ed from aqueous sol utions and the precipitation
product Js.thhen odfiLdsi N an inert gas atnosphere or a reducing atnosphere

at a tenperatur I i S between room tenperature and gpproximtely 200 C
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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
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.



3. Lithium phosphates in accordance with claiml and/ Oﬁeq:ﬁgg} éob t have
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