1 Production of iron orthophosphate 5The present invention concerns a
process for the production of iron (I111) orthophosphate of particularly
high purity, an iron (l11) orthophosphate produced by the process and the
use thereof for the production of LiFePat cathode material for Li-ion
batteries, as dietary supplenments for mneral enrichment and as a

nol ' usci cide. 10lron phosphates are used in many areas, for exanple as
dietary supplenents or as a nutritional supplenment for mneral enrichnent,
as an active substance in nolluscicides, in the ceramc industry or as a
raw material for the production of L|FePO4 cathode material for Li-ion
batteries. In that respect eadwﬂaiém]Qﬁwusewﬁnkﬁmsphduyldual demands on the
iron .15 phosphate, while in some uses in particular the chem cal purity is
of particular inportance. In many cases the norphol ogy or partlcle fi neness
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particular importance. In many cases the morphology or particle fineness of

the iron phosphate also involves a critical significance for success with the

application, for example when considering bioavailability for organisms.
Rechargeable Li-ion batteries are wide-spread power storage

20  devices, in particular in the field of mobile electronics, as the Li-ion battery
is distinguished by a high energy density and can supply a high rated
voltage of 3.7 volts so that, with a comparable power output, the Li-ion
battery is markedly smaller and lighter than conventional batteries. Spinels
such as LiCo0O,, LiNiO,, LiNi;xCox0, and LiMn,O4 have become established

25 as cathode materials. To increase the reliability and safety of the Li-ion
batteries, in particular in relation to thermal overloading in operation,
LiFePOs was developed as the cathode material. That material is
distinguished by better power output, higher specific capacitance and high
thermal stability in operation.

30 High purity demands are made on the cathode material of a battery
as any contamination which can involve unwanted redox reactions during
operation (charging or discharging) detrimentally influences the power of
the battery. The nature and concentration of the possible contaminations



2 substantially depends on the quality of the raw materials used for
production of the cathode material. Measures for subsequently reducing
inmpurities can be inplenented in the cathode material production process,
whi ch however is generally linked to an increase in the production costs.
It 5 is therefore desirable to use raw naterials or starting materials

whi ch are as_pure as yo sible for production of the cathode material.
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produce t he phosphiuss gitapbosihetes aoutparrerits trhethose starting materials are
introduced by way of a phosphate salt or phosphoric acid. The described
processes also always require additions of HCl, NaOH, NHs;, NaClOs or
20  surfactants in order to control the chemical-physical properties of the
products obtained. The consequence of this is that the materials produced
in that way always contain impurities of anions such as chloride or
sulphate, cations such as sodium or ammonium, or organic compounds. On
a large technical scale, those impurities can be removed if at all only by
25  highly complicated and cost-intensive purification processes.
Further cationic contaminations such as for example transition
metals which were originally contained in the raw materials used such as
FeSO4 or FeCl; can generally not be easily separated out or washed away
as they also generally form phosphate salts which are difficult to dissolve
30  and they crystallise jointly with the desired iron phosphate.
WO 02/30815 describes a process for the production of LiFePO4 from
iron phosphate and lithium, wherein an iron oxide is dissolved with heating
in 85% phosphoric acid to produce the iron phosphate. The solution is then



diluted until the solubility limt of FePO4 is reached and the materi al
grystal lises. In that case, unwanted nmetal phosphates which have a snaller
sol ubility product than FePO4 are to be separated off by fractional
dilution. That process suffers fromthe disadvantage that it requires a
very high 5 energy usage and needs a great deal of water to precipitate
the product. That process involves the formation of a sol uble conpl ex of
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processes of precipitation of iron phosphate in accordance with the state of

20 the art result in generally spherical crystals of differing sizes. It will be

noted however that they have a small surface area in comparison with

other crystal morphologies. For use as a cathode material in Li-ion batteries

an iron phosphate having a large crystal surface area is advantageous to

ensure penetration of the lithium ions in large numbers and at high speed.

25 In addition it is advantageous to produce crystals of small size to reduce

the diffusion paths and times of the lithium ions. Furthermore a high bulk

density and compressibility of the material is desirable to implement a high
energy storage density in the cathode material produced.

Some of the aforementioned disadvantages and problems in the

30 state of the art are overcome by an iron orthophosphate and a process for

the production thereof in accordance with parallel-pending German patent

application DE 10 2007 049 757. In that process oxidic iron (II)-, iron (III)-

or mixed iron (II, III) compounds are reacted with phosphoric acid with a



4 concentration in the range of 5%to 50%and iron (11) possibly present
after the reaction converted into iron (l11) by the addition of an

oxi di sing agent and solid iron (1I1) orthophosphate is separated fromthe
reaction mxture. lron (I1l) present in the starting nmaterial is
precipitated directly as 5 iron (I11) orghophosphate by the addition of
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which the known disadvantages from the state of the art are overcome and
15  with which iron (III) orthophosphate can be obtained in a high state of
purity in a simpler manner than known production processes.
The object of the present invention is attained by a process for the
production of iron (III) orthophosphate of the general formula FePO, x
nH,O (n < 2.5) in which
20 a) an aqueous solution containing Fe?* ions is produced in that oxidic
iron (II), iron (III) or mixed iron (II, III) compounds selected from
hydroxides, oxides, oxide hydroxides, oxide hydrates, carbonates and
hydroxide carbonates, together with elementary iron, are introduced into a
phosphoric acid-bearing aqueous medium, and Fe®* ions are dissolved and
25 Fe*' is reacted with elementary Fe (in a comproportionation reaction) to
give Fe’*,
b) solids are separated from the phosphoric-acid aqueous Fe?*
solution, and
C) an oxidation agent is added to the phosphoric-acid aqueous Fe?*
30 solution to oxidise iron (II) in the solution and iron (III) orthophosphate of
the general formula FePO, x nH,0 precipitates.
In the process according to the invention the starting materials
(oxidic iron raw material, elementary iron) can be used in powder form,



c) an oxidation agent is added to the phosphoric-acid aqueous Fe2+
30solution to oxidise iron (Il1) in the solution and iron (I11)
orthophosphate of the general formula FePO4 x nH20 precipitates.  In
the process according to the invention the starting materials (oxidic iron
raw material, elementary iron) can be use$l in powder form 5 preferably
with grain sizq,s O in the, ra,nf%e of 0.01 mto 300 m and m xed and reacted
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' preferably predominant proportion thereof, but can also contain proportions
of water-miscible organic and/or ionic solvents or fluids. It is known that
such solvent additives can have an influence on crystal growth and thus on
15  the resulting morphology of the product.

A redox reaction occurs in the phosphoric acid-bearing aqueous
medium between Fe®* from the oxidic iron raw material and the elementary
iron, wherein soluble Fe?* is formed in a comproportionation reaction in
accordance with the following reaction equation (I):

20 (I) 2Fe* +Fe—3Fe?t

The reaction batch is heated by about 2 to 25°C depending on the
respective raw material if the resulting reaction heat is not dissipated,
which in principle is not necessary. After the reaction has died down the
batch is heated with agitation to higher temperatures, preferably below

25 65°C, in which case the introduced solids, depending on the respective
composition and purity, react more or less completely with the formation of
a typically green-coloured Fe?* solution. After about 50 to 120 min that
process step is concluded. The duration depends inter alia on the levels of
concentration and raw materials used.

30 Depending on the respective purity of the solid materials used a
more or less pronounced clouding remains in the solution, which is caused
by compounds which are insoluble under the reaction conditions. That

remaining solids proportion can be removed by simple filtration,



The reaction batch is heated by about 2 to 25C depending on the respective
raw material if the resulting reaction heat is not dissipated, which in
principle is not necessary. After the reaction has died down the batch is
heated with agitation to higher tenperatures, preferably below 25 65C, in
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An advantage of the process according to the invention is that a
15 homogeneous phosphoric-acid aqueous iron (II) solution is produced as an
intermediate product, from which all impurities which are present in the
form of solid materials or which can be converted into solid materials by
precipitation additives or which can be electrolytically separated off can be
removed using simple means before the iron (III) orthophosphate is
20 produced by oxidation in the suitable iron (IT) solution produced as the
intermediate product, and in turn precipitates as a solid material. The solid
material iron (1II) orthophosphate is accordingly not present in the aqueous
solution at the same time beside other originally employed insoluble
starting compounds, as is the case for example with the process in
25 accordance with parallel-pending German patent application DE 10 2007
049 757. As a result the process according to the invention in comparison
with other processes allows the production of iron (III) orthophosphate with
a high degree of purity without in particular complicated and expensive
cleaning processes having to be subsequently carried out.
30 In an embodiment of the process according to the invention the
reaction of the oxidic iron compounds is performed together with
elementary iron in a phosphoric acid-bearing aqueous medium at a
temperature in the range of 15°C to 90°C, preferably in the range of 20°C
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elementary iron in a phosphoric acid-bearing aqueous medium for a period
of 1 min to 120 min, preferably 5 min to 60 min, particularly preferably 20

20 min to 40 min. Reaction of the iron compounds together with elementary
iron in phosphoric acid-bearing aqueous medium can obviously be broken
off at any time by separation of the solids from the aqueous solution, that
under some circumstances involving a loss of yield with incomplete
reaction.

25 In the process according to the invention the concentration of the
phosphoric acid in the aqueous medium is appropriately 5% to 85%,
preferably 10% to 40%, particularly preferably 15% to 30%, with respect
to the weight of the aqueous solution. Low levels of phosphoric acid
concentration are economically advantageous, in which case the reaction

30 can take place very slowly with excessively low levels of concentration,
which may also be undesirable from economic points of view. With high
levels of phosphoric acid concentration such as for example over 35%,
depending on the respective fineness of the oxidic iron compounds used,



15cel s etc for thorough m xing and/or for noving the reaction batch.

In a further embodi ment of the process according to the invention the
reaction of the oxidic iron conpounds is performed together with elenentary
iron in a phosphoric acid-bearing aqueous nediumfor a period of 1 min to
120 min, preferably 5 min to 60 mn, partgcularly preferably 20 20 nmin to
40 mn. Reaction of the iaﬁn conmpounds together with elenentary iron in

phosphori ¢ aliP bPiMaP adhetrR’ mRaY uRFTHn vhiRhouInpidssablyolesreases atheany
[time by sepataiaition of 18080k Idkschbom it aBURMITatk Hd@n bBRedtfiger: SOMe

ci rcunstances involving a loss of yield wth I nconplete reaction. n the

process accofifl SEEPeNtEY Teivehniibfilemee obnlemhasphoricacid enpérisation ion aci d

inth esTel i i I 9 %, pbreferably 10%tq 40%
parti cut ar |y o orar sy PRI es BhasR et Tl Sdlme Paserhacic
aqueous $ol WAGi@woNCenirbyor|rstivér lpads ibar fioeaend prite ﬂ&\g%i laqlﬂetéhaaartilcle
ically.. in which case the reaction can take ace
very ol ol y ST Rk sase: B yMeles 8,8, PheshbatiE aRd sANCORTeHoNEREASo be
undesi r abl e groomotesaherpredpetion of @f codredt eM¥ tdroBLENWIEVE e pﬁﬁ%@gﬁfe' ¢
aci d concent ion such as for exanple over 35% depending on the _
respective ffﬁﬁér‘? 2335 8-t e HhegPRoTIE GFid saperitistion an be adiugtetiofomeithieon

t her eof may &%@pr?tati‘éfﬂi KBCORS} dRE %Wpﬂo?%l‘t%’?aecfoﬁ p&a&g{o{\abigﬁge% gtﬁehﬁtagpy

above-described conproportionation reaction between Fe3+ _
i ron. AAdOi nfelermrptaryf irone bpheenskotriatedphdspbode ricicabi avaten biehre bioeaess of

4 TIh I hosphori c acid
concent rat o et cBhEREP YEETH nel DY 3rihayRoh PR o TRPD HEIES @ si ze
D50 < 35 Wliposkhinieasap of gjmaltrqglm@pﬁg]@r ifie]egtgigi &oaﬁ@néﬁ@tg),gag@gitiggﬁ D@l(i)g;mggs
h ducti f r_end, product w a mean parti _
Jim The. phoSHIEEPHar: TdRRINSTAY: B tBRrPBE AR @6IG FoRtaring used for

reci pitati grogtiedorabf efe FBE €9 ppAPOrti onat i on reacti on bet ween Fe3+ and
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20 That secondary reaction cannot be suppressed so that a
stoichiometric excess of elementary iron always has to be used in relation
to the amount which is required for the reaction of Fe** in the oxidic iron
raw material in accordance with the above-indicated reaction equation (I).
The exact amount of that excess substantially depends on the reaction

25 conditions like the fineness or surface activity of the solids used,
temperature and acid concentration. An excess of a few percent of the
stoichiometric amount has proven to be adequate in many cases. At
temperatures above 40°C a rise in the speed of the secondary reactions
was observed. Above 70°C simultaneous precipitation of iron

30 orthophosphate can occur, so that a homogeneous Fe?* solution is not
obtained. If the lumping effect of the oxidic iron component as already
referred to above occurs, the elementary iron reacts to completion
substantially by way of the secondary reaction. The corresponding



(1) Fe + H3PO4-> Fe2+ + HPO42- + H2 20That secondary reaction cannot be
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be used in relation to the amount which is required for the reaction of
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The morphology of the product can be controlled by already

20  adjusting the acid concentration at the beginning during the dissolution
process or however also only later shortly before or during the oxidation
process. A product of high bulk density is obtained if precipitation is
performed at an acid concentration of 23-25%. Products with lower bulk
densities are obtained at higher and lower levels of concentration.

25 In a preferred embodiment of the process according to the invention
the oxidation agent which is added to oxidise iron (II) in the solution is an
aqueous solution of hydrogen peroxide (H,0,). Preferably the hydrogen
peroxide solution has a concentration of 15 to 50% by weight, particularly
preferably 30 to 40% by weight.

30 In alternative embodiments of the process according to the invention
the oxidation agent which is added to oxidise iron (II) in the solution is a
gaseous medium which is selected from air, pure oxygen or ozone and
which is blown into the aqueous solution.
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aforementioned’ separation  processes. Desirably the iron  (III)
orthophosphate separated out of the reaction mixture is then dried at

elevated temperature and/or under reduced pressure. Alternatively after

the separation operation the iron (III) orthophosphate can also

25 advantageously be subjected to further processing in moist form in the

form of a filter cake or dispersion with solid contents of 1 to 90% by

weight, in accordance with the respectively possible or desired efficiency of

the water removal step.

The process according to the invention for the production of iron (III)

30  orthophosphate also has some ecological and economic advantages over

other known processes, besides the high purity of the end product that can

be achieved. The mother liquor remaining behind after the separation of

iron (III) orthophosphate contains substantially no contaminating reaction



25 advant ageously be subjected to further processing in nmoist formin the
formof a filter cake or dispersion with solid contents of 1 to 90% by

wei ght, in accordance with the respectively possible or desired efficiency
of the water removal step. The process according to the invention for the
production of iron (I11) 30 orthophosphaflé al so has sone ecol ogi cal and

. . . . ¢

The end_ pr odIRE LI LaS B SEBPea B ARG 10t FUPT RS R Ich SR R chial

after the separatdwn mbcessas (1 tHe sertbhemhns BhabadGANKBICASIreNRelHteabd Y no
ign 11 products such as for exanple sul phates or

the - ) | |
gﬁlngﬂn des wIeh SUREPR BehERE Fh e SkaToIng @@Q@é%eg\?@tﬁet‘ héguarafienof thehe

g ch T T on de i |
Tt er 1l e P e O R n T Ohon o el SR p b s RRRR  on
can t her &f ort® Bre &tfsiretdeaorepiitration dyt hive deklitien cfoncrcentedtednphysphuic

addi tion of S ri cid and, can thus be conpl et el
recycl ed i nt%gg%ﬂéﬁgggg%%%s%%g B%Cy&l)esq ér?tgn&ea{%?%suﬁﬁﬁhlséﬁgw age.
The present dasteahd@voidsonwaetadiesstaga (I11) orthophosphate produced in
accordance wth the pr ocesF according to the invention_as 10 descri bed

I
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to the structurally and in terms of its composition or impurities from iron (111)
15  orthophosphate which was produced in accordance with known processes
from the state of the art. The iron (1I)-, iron (III)- and mixed iron (11, IID)
compounds which are selected from hydroxides, oxides, oxide hydroxides,
oxide hydrates, carbonates and hydroxide carbonates, that are used as
starting materials, also contribute inter alia thereto. In contrast to the
20  present invention known processes for the production of iron (111)
orthophosphate in accordance with the state of the art use inter alia iron
sulphate or sulphate-bearing raw materials and/or nitrate-bearing raw
materials and control the variation in the pH-value of the reaction with soda
lye. The iron phosphates obtained therefore contain high levels of residues
25  of sulphur, predominantly in the form of sulphate, nitrate and sodium.

An excessively high content of sulphur, mostly in the form of
sulphate, and an excessively high content of nitrate, adversely affect the
quality of an LiFePO4 cathode material produced from the iron (I1T)
orthophosphate for Li-ion batteries as those anions involve unwanted redox

30 reactions. In an embodiment of the present invention therefore the iron
(111) orthophosphate has a sulphur content of < 300 ppm, preferably < 200
ppm, particularly preferably < 100 ppm. In a further embodiment of the



20 present invention known processes for the production of iron (Ill)
orthophosphate in accordance with the state of the art use inter alia iron
sul phate or sul phate-bearing raw materials and/or nitrate-bearing raw
materials and control the variation in the pHvalue of the reaction with
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production, and differ from the iron (I1I) orthophosphate according to the
state of the art.

20 Iron (III) orthophosphates which are produced in accordance with
generally known processes from iron sulphate or iron chloride also have
differences in the crystal structure. X-ray structure investigations have
shown that iron (III) orthophosphates produced from iron sulphate or iron
chloride in accordance with the state of the art are predominantly present

25 in the metastrengite I structure with small proportions of strangite and
metastrengite II (phosphosiderite). In comparison in X-ray structure
investigations on iron (III) orthophosphates produced according to the
invention it was found that they are predominantly present in the
metastrengite II structure (phosphosiderite) with very small or

30  undetectable proportions of strengite and metastrengite 1.

In an embodiment of the iron (III) orthophosphate according to the
invention therefore > 80% by weight, preferably > 90% by weight,
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the invention, which is particularly advantageous for use in LiFePQO, cathode

materials. A small thickness in respect of the crystal plates ensures for

example a high reaction speed in the production of LiFePO, as well as a

20  higher efficiency in the finished cathode material as the diffusion paths and

times of the Li-ions can be markedly reduced in comparison with

conventional material. In addition aggregates/agglomerates of that

material, which are of a layer-like structure, can be easily converted into

dispersions of the primary particles by common methods under the effect of

25  shearing forces (Turrax, agitator ball mill, ultrasound etc).

In an embodiment of the invention the iron (III) orthophosphate is

present in the form of plate-like crystals. Preferably those crystals are of a

small thickness in the region of less than 1000 nm, preferably < 500 nm,

particularly preferably < 300 nm, quite particularly preferably < 100 nm.

30 The dimensions of the plate-like crystals in the two dimensions

perpendicular to the thickness are preferably in the range of 200 to 2000

nm, particularly preferably 300 to 900 nm, quite particularly preferably 400
to 800 nm.



20 higher efficiency in the finished cathode material as the diffusion
paths and tinmes of the Li-ions can be markedly reduced in conparison with
conventional material. In addition aggregates/aggl onerates of that

material, which are of a layer-like structure, can be easily converted into
di spersions of the primary particles by ¢ammon net hods under the effect of
25shearing forces (Turrax, agitator ball mll, ultrasound etc). I n
an enmbodi nent of ¥haddigentheoiopndIDr erthephesphatenyishodipaatcethe ipvantmmn in
the form of il J S r.ef st al ) |

t hi ckness | r{at?tg??%gﬁdngof I es%thc ﬁgﬁ aeigggi ﬁﬁ]ﬁg%?g‘ g'pgb(‘#@’ ér%%féatﬂyﬁ alia
particul ar| yo/hr epeicadyy oref@ahty >qudic06 pAr tincalfarther prebediabdnt thel GdMMmM

per pondi cur a Dootnee b AR B T dRar y 3bauPy by s B R BRS 65 2000

nm partiscul &30 g/ lppeéferablyy> 3B 44, PoRidunaripvréferasyts aubardy. preferably

400 to 800 nm . addition the iron (l11) orthophosphate
according to thelﬁ?ﬁ/e'ﬁ?ri‘oﬁhﬂn Y tRPRAIRNAIE e REERIIARG thades IBveNiQRentiusy >

400 g/ 1, predgiigkd ¥ ver¢FhOpHmate paeitl Aty sMehehatalesz 400 tgérln-e fifhe®

further enbodinment the iron (11 I? ort hophosphat e according to e I nvention
has a tanped® §€R%Nigh BchiEyably bulkpdensituiAng & igb tgmpegpaensitwl Ahay was
preferably > e TA : i ( ) hopho ate, acgardi to
the inventi osr%}%ﬂ%sn%/exm bic??pgr;\%te}ﬁy \fv?cﬁe %H m%r pra@{]i grlpée1 Esa?tz'e g{ﬁa &91)
nonet hellss arthepreosphiates wecha arer yrodiughd achacscatibecd with densirdly andwa hi gh
t anped densi t I in co i i state of the

.__That i th th
art: Tron (I9PFeI8 0 8 phBRpRUPEE SR Frll c-iHipidck cixhaly BaVSr daRBEHM h
@ﬁl byikhave

general |y knsclr sieessfes fir @, iwRarebyl Rhat 81s8r pbédMeClt BERBOUS;
a primary particle size of > 1 .1,rn, whereby it is also possiblé to

achi eve hi gi&Itesdhst (5009 6fl. JIf Kstesponding ity KEEpendiomgospoates! with
or t hophosphafesiieM bAntFY! b&#tidM ISTRISY irPRRL! SlismRirdRRrAN LR e%ﬁé”‘BﬁécﬂE"e er
range are produced 15 using those known processes fromiron sul phate or

i ron chitéri dsin®dihgse gnobiml Rrafeases fresn dforuputphat® @rgron chtorite, aariy doed.
The reasons 8 .5 ar esu Iy, int rticle_porphol o and the
particle si Z%Lﬁlaiietp]rsl be%t |8fo?1]'b ?ongﬁﬁeg/ée%rbggt %%'%Y%‘t Lhe E?ﬁ%?%?%r. BJl*ﬁeare
nor phol ogy gfresumab(yl lin )thphpsiiud esorpradoge drid tae qerdarc sizei diBtganesal | y
known pr ocessis fromiron sul g{;\ﬁ%e 20 or, . iron chloride predom nantly

conprises sphcreRead Bathe enNet Helaget hie imempnalagy obirPRdpHoPhRaPRates
accor di ng t prbhacéd weBEESHIaRas Wil gBREPNR) REYWA! 51BREYs SR8 Ped sylphate,

herei nbefore with a high proportion of angular, plate- e crysta
pr esent 20 nvét ireR dlleidde nyedaednamdy wsenpfiseshephegeal( patticles whereas the

iron (III) orthophosphate according to the invention has the morphology
already described hereinbefore with a high proportion of angular, plate-like
crystals.

The present invention also includes the use of the iron (III)

25 orthophosphate according to the invention for the production of LiFePQ,
cathode material for Li-ion batteries. The production of such a cathode
material using iron (III) orthophosphate is known per se to the man skilled
in the art, but the iron (III) orthophosphate according to the invention here
offers the above-described particular advantages.

30 Furthermore the present invention includes LiFePQO, cathode material
for Li-ion batteries, produced using iron (III) orthophosphate as is
described and claimed herein, as well as Li-ion batteries which include an
LiFePO4 cathode material of the aforementioned kind.



25 orthophosphate according to the invention for the production of LiFePO4
cathode material for Li-ion batteries. The production of such a cathode
material using iron (l111) orthophosphate is known per se to the nman skilled
inthe art, but the iron (111) orthophosphate according to the invention
here offers the above-described particul as advant ages, 30Furthernore the
present invention_includes Li FePO4 cathode material for Li-ion batteries,
produced usi ng i rBha(furtheropspeghbspintantion pisodextuddsethandecdtnedron

herein, a bl t i i i a j K cat hode
ot or 2l Cof ThY SRIPRRDAMAR. hEfdremd'ay dhe RveHtBngs o iR SDbRent
i nvention al 8 ifere Minewal temeichsrendf oft fomdistudffs 65 it )s suitdtsptfos phadeufis g ng

fooderuf 1o amafrad vyt bt Yo BHORIEREDL B h8 1 elgRRFer y Thegion (1D
bi oavai | bi | dttoploospiate oagemiding tbhehéer piventioh) is Shéret hrrRO$HNBLRicular

according to (ihe invenl;di]o? i S rgere used to particular advantage in the form
of aqueous df 295 Ae the form of|aqueoHy HisRarsigdsect the i nvention al so

includes the use Bf atfiptidroastddt! theOlrVaRARBASEIBL ACAREAT Bk Ot iR ;-
invention as _a nolluscicide, for exanple when controlTing SRai T'so g SR
(111) ort hoplbdpRENEPNESRIARRN aseprdieg tro ther inventionl lassei ciakisaicidenfor t

| eads to th W2y aJahe ir LI1) . orthophosphat e accordi ng
to the i nvertonCe hen SebRidhdhail dFpl (D) biirianndshra & Bt b 28
condi ti dRed far gis bicdweaicidebiakiioy. Inlezaspas itsorcrabtires vanyi analthe popduced
iron (111) p(?ﬁzp& e S0 ,th?ﬁﬁt | ess .substance is required to achi eve the sane
effect. The Yton ?‘f?ﬁ*}o%’ O FFGSHAS $018): Feating isopamisularieatfedtive dyused
to-parti cul anrtadvsntageruaese i edrid HERRYSL B RSB h L ‘

Furt her advantages, features gnd_ enboﬁdrr@ﬁhs%of tﬂébﬁFi@gr?? IV ERL | \gﬁthare
set forth i FONNENFBNRIB(IRTGdESeGpIe’ (hi)cRhasrlatehsot Hatplasseaubstaveat ison

but which argqDebdi B eBEREVEO the Mehmid -efft. The iron (1I1) orthophosphate
15 according to the invention is used to particular advantage here in the form
of aqueous dispersions.

Further advantages, features and embodiments of the present
invention are set forth in the following Examples which describe the present
invention but which are not intended to limit it.

20
Examples
Example 1

A dilute phosphoric acid (18% by weight; density = 1.146 g/ml at

20°C) is provided at ambient temperature (AT: 20°C) and mixed with 20 g

25 of iron oxide (magnetite; Fes0,). The batch is homogenised at 10,000 rpm
for 10 min with a dispersing rod. The resulting suspension is then mixed
with agitation with 7 g of iron powder.

An exothermic reaction starts. The temperature rises from about
20°C to about 40°C within 20 min. The suspension changes its colour from

30 black to green-brown in that period and the starting material is dissolved.
By virtue of small bubbles in the suspension it can be seen that gas
development (H,) is occurring. The amount of gas produced is quantified
with a bubble counter. After the dissolution process is concluded the



Exanpl es Exanple 1 A dilute phosphoric acid (18% by wei ght; density
= 1.146 g/m at 20C) is provided at anbient tenperature (AT: 20C) and m xed
with 20 g 25 of iron oxide (magnetite; Fe304). The batch is honpgeni sed at
10,000 rpmfor 10 min with a dispersing rod. The resulting suspension is
then mxed with agitation with 7 g of irdf powder. An exot herm ¢
bout 40C within
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bubbl es in the suspension can be seen that gas devel opnent
occurring. Ttﬂ V\éﬁlr%ﬁﬁtto PX'&é'r:se H?%ﬁ@ce@ﬂ%”hﬂ%ﬁpﬂtw (7] fﬁpalmmwgﬁmm er.
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o oduct of  rBaattef PeadhidrPitiodfpRue HIICR AoV RS, The' ul B s om
Merck) a CthINNIFﬂnlm&)uradSlSEK?ﬂftEEh@boUh@hSﬁwéi@d|IlfUlh (ﬁﬂpbf%lpggs?géﬂ%legt eat
now pi_nk-col ou
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after precipjitatio d washed wth _ wat er
The fi ﬁép tﬁdé)%ﬁl'&f Végtert FYnBe fowgehedantaria, shetangerreamoths SLmtmmechmevzhlast

The product drpcbigid @'s'te‘ih‘en%)raodﬂd' GHEAPHRAEY h %)g’lah cgﬁ)gr%e&h re 3 Iiga!td s

at |east 90% The end product 1s a |ne iron (
Example 2 80°C. The %elExtanateleBsbu@O% s Ohe wrad mnmde:chnghiayﬂn@nue@mt(rmt ed

hosphori c ded (25% by weight; density = 1.208 g/nl at 20C)
gnd gfter tﬁog’trg@@% gé reaction the iron (I11) orthophosphate is
precipitated at 100C. The yield is over 90% The end product is an iron

() 15  Example 2
Like Example 1 but a somewhat more highly concentrated
phosphoric acid is provided (25% by weight; density = 1.208 g/ml at 20°C)
and after the oxidation reaction the iron (III) orthophosphate is precipitated
at 100°C. The vyield is over 90%. The end product is an iron (1III)
20  orthophosphate which is coarse in comparison with Example 1.

Example 3
20 g of FesO,4 is provided in 125 g of H,0 and subjected to
preliminary treatment with an Ultraturrax at 10,000 rom for 30 min. 125 g
25 of 75% phosphoric acid, a further 125 g of H,O and 7 g of Fe are then
added at AT. The density of the dilute phosphoric acid in the batch is 1.146
g/ml at 20°C. Slight gas development occurs, which persists over the entire
reaction period. The temperature rises to 42°C and the colour of the
suspension alters towards brown within 7 min. After 9 min no further
30 temperature increase is found and therefore the reaction mixture is heated
in an oil bath (T = 120°C). After 70 min there is a green solution which has
very slight clouding. No further gas development is observed. The clouding
is removed by filtration and the filtrate is mixed with 40 ml of H,0, solution



20o0r t hophosphate which is coarse in conparison with Exanple 1. Exanple 3
20 g of Fe3®™4 is provided in 125 g of H20 and subjected to prelimnary
treatment with an Utraturrax at 10,000 rpmfor 30 mn. 125 g 25 of 75%
phosphoric acid, a further 125 g of H2O and 7 g of Fe are then added at AT.
The density of the dil ute phosphori c acid7in the batch is 1.146 g/ m at

20C. Slight evel o gecurs, which persists over the entire reaction
period. The &g’ﬁi‘igjr a‘f"ﬁ 52) éoAéFi‘énﬁﬁd”tq%OLﬂ'o‘PQﬁH‘Fs@f/ WRY of iRfserteoied

alters tOWart@Sh@lﬁtomkWthE' ;Bro@u'& bre®i@king W Fhé‘(?orfrHr6#‘§rﬂne3%8h§r6?elr@'§ﬂ” e

increase is found and therefore the reaction mxture is heated 1n an” oil
bath (T = 1200k colfured heiglidrist3%eB% (1& gr-een sol ution which has very
slight clouding. No further gas devel opnment is observed. The clouding is
removed by filtration and the filtrate is mxed with 40 mM of H202 sol ution
17 (35% By v&agnpie_tat 80C. A change in colour occurs by way of intensive

red to |ight pin duct r at i nteformofaflnesolldof

| i ght pink col ou (g %3 “d |% @65(5 O?%fp ggé)gasrrﬁl%f /p% phosphogis g of

Fe304, 7 g dcidFere EE@u@wtOﬁ‘ogHZ@era@@Aiﬁhg dRhsitH %r RRe lnes 'p%o@ﬁhé’n@ra@ldb ought
is

t oget her at AT. Th% density of the dilute phosphoric acid in the
1.146 g/ ml de2Betchgls ¢nt4G e miedtbIBPFertidhicans damsianmpet §|C§UT§,0WbrCht he

entire reaCt;ié?@isPﬁB{/@rdtheTQﬁtlF@V@f&tﬁfrﬂ?@ﬂ{)ﬁsgﬁettgnﬁ%g?@e}g é% s ! §8€@F9’§t he

t he suspensmn alters towards brown mn-no
t enper at@r e thecedeigeof §he sunpersidn timreftomardhdroeacwitbm BDxmim.eAftsr Beat ed

in an oil on whi ch has
very slight c[ho §Fur %oq%mﬁ% Lregggg%g\%ngp@ﬁ]? ?Bgofg@é?\%ﬁ th‘iéhéeaézlt'&r}dl ng
i s renoved byixtute lsatneamdandart bé Hatht(Tate126°0)i »edrid0 nvhtihedd igTh @feeH202
sol ution (35%1%\/@ L at 85C. A cha]@ge in col gur occurs by way
i ntensive réd {6 Vﬂﬂf i3k Ve hes I aGOr AR c Npi fEnerg g8 ﬂﬁ\éelpémﬁ”éf isa
fine solid obskredt. Phakiclifyris iBoVed!H Fir&For YrBthd ratd@MmMbRq5
15 with 40 ml of H,0, solution (35% by weight) at 85°C. A change in colour
occurs by way of intensive red to light pink, the product precipitating in the
form of a fine solid of light pink colour. The yield is 83.5% (60.0 g).

Example 5

20 20 g of Fe;04, 7 g of Fe, 250 g of H,0 and 204 g of 75% phosphoric
acid are brought together at AT. The density of the dilute phosphoric acid in
the batch is 1.232 g/ml at 20°C. Slight gas development occurs, which
persists over the entire reaction period. The temperature rises to 53°C and
the colour of the suspension alters towards brown within 10 min. Cooling to

25 500C is immediately effected by means of an ice bath. After a further 40
min at 50°C there is a green solution which has very slight clouding. No
further gas development is observed. The clouding is removed by filtration
and the filtrate is mixed with 40 m! of H,0, solution (35% by weight) at
85°C. A change in colour occurs by way of intensive red to light pink, the

30 product precipitating in the form of a coarse solid of light pink colour. The
yield is 85.8% (61.6 g).



2020 g of Fe304, 7 g of Fe, 250 g of H20 and 204 g of 75% phosphoric acid
are brought together at AT. The density of the dilute phosphoric acid in
the batch is 1.232 g/nml at 20C. Slight gas devel opnent occurs, which
persists over.the entire reaction period. The tenperature rises to 53C and
t he col our of the suspension alters towarigs browmn within 10 mn. Cooling to
25 500Cis imediately effected by neans of an ice bath. After a further
40 min at 5 6 s a green sol ution which has very slight clouding. No

further gas devel ppené,d.s nbSPLYed, 21 Crond Baql £ gg@#fg%b%h&ls%@ﬁé' on
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very slight clouding. No further gas devel opment is observe e cloudi ng
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intensive red to ecl’

fine sollidd dform gha fmerﬂollciod)fdwht thé cpllcajrd Tihe 38@ld215g30 Bxanpl e 7 10 g
Fe203, 11 g of Fe, 379 g of H20 and 168 g of 75% phosphoric acid are
brought together at AT. The density of the dilute phosphoric acid in

Example 7
10 g Fe 03, 11 g of Fe, 379 g of H,O and 168 g of 75% phosphoric
acid are brought together at AT. The density of the dilute phosphoric acid in
15 the batch is 1.134 g/ml at 20°C. Slight gas development occurs, which
persists over the entire reaction period. Heating to 63°C is effected and
after 120 min there is a green solution which has very slight clouding. No
further gas development is observed. The clouding is removed by filtration
and the filtrate is mixed with 30 ml of H,0, solution (35% by weight) at
20 85°C. A change in colour occurs by way of intensive red to light pink, the
product precipitating in the form of a fine solid of light pink colour. The
yield is 58.0 g.

Specific description

25 Figure 1a shows a scanning electron microscope image of an iron
(I1I) orthophosphate with a metastrengite I crystal structure produced in
accordance with a known process in accordance with the state of the art
from Fe(I1)SO,.

Figure 1b shows an XRD spectrum in the angle range of 5° to 70°

30  2Theta of the iron (III) orthophosphate of Figure 1a.

Figure 2a shows a scanning electron microscope image of an iron
(III) orthophosphate according to the invention produced in accordance



15 the batch is 1.134 g/m at 20C. Slight gas devel opnent occurs, which
persists over the entire reaction period. Heating to 63C is effected and
after 120 mn there is a green solution which has very slight clouding. No
further gas devel opnent is observed. The clouding is renoved by filtration
and the filtrate is mxed wwth 30 mM of K&02 solution (35% by weight) at 20
85C. A change in colour occurs by way of intensive red to |ight pink, the
product precwipht Bxamgle il tvech osnpsfseat fpnedosuhadtipfinl thghtmetaskrergliteuil The
yield is 58.09, 0.8 fiL description 25Figure la shows a scanning

el ectron nicrgécope Image of an iron (I11) orthophosphate with a

met astrengite | cFigatalRbsshawes wneX RoosherelmninateoaagRe eavdd bf a cRrewps°

process in orda with e state of the art fromFe(l1)504.

Figure Ib sh ethPr};Eﬁ'E%é{I Hﬁi‘ﬁpﬁﬂ%o%l@aé'ﬁﬁﬁifegéf 5 to 70 302Theta of
the iron (111) orthophosphate of Figure |a. Figure 2a shows a
scanni ng el ectron m croscope image of an iron (lI11) orthophosphate
according to the invention produced in accordance 19 with Exanple 1 which
is present predomnantly in the netastrengite Il crystal structure.

Figure 2b shows an XRD spectrumin the angle range of 10 to 25 2Theta of
the iron (I11l) orthophosphate of Figure 2a. 20



CLAI M5 1. A process for the production of iron (I111) orthophosphate

of the general fornmula FePal x nH20 (n < 2.5) in which a) an aqueous
sol ution containing Fe2+ ions is produced in that oxidic iron (lI1), iron
(1) or mxed iron (11, I'l1l) conpounds sel ected from hydroxi des, oxi des,

oxi de hydroxi des, oxide hydrates, carbonapes and hydroxi de carbonates,
together with elenentary iron, are introduced into a phosphoric
acid-bearingQ%%@@%us medi um and Fe2+ ions are dissolved and Fe3+ is
‘reacted with elementary Fe (in a conproportionation reaction) to give Fe2+,
b) solids are separated fromthe phosphoric-acid aqueous Fe2+ solution, and
c) an oxi dation abehtpricseagided the priveluptios pifoirba- @Ll) dorrRUERGSHHARR SFOfHY | ONn

to oxidise i [ n.t | ut,i and, Lron (lL11) orthophosphate of the

general for n'{lﬁ?{aéréie@ J)Ia rﬁ%%(ﬁ% @%F@Rpa?gsgf n W%‘Ch 2. A process according to

claim 1 charact erd)sad aigoebbatsofitRt @britaiding Feaasy _@ﬁoﬁué‘g@%tﬁé’c {»@i?ic
s fro u

phosphoric-aci d @g)l;rgOUS olution to precipitate soli m the so Ion
and to separ'5t I'PRo i L hePhH e dl.d IHqueemporeris seleatdcbrframd/ or

netal s di ssHwRexidest 8RB8OS R Crisiodi RAUEQYS oS I are
el ectrol yti ca&?tﬁyx,seSar atled out o ?ﬁdé]ogb uf i g%@e %ly‘tﬂét%g{ %rBPB@é?s and
accor di ng t QVY&Hexige earbopatasedpaegtheraiitls et¢raratdrgrirsedataninthedudefsint@act i on

f th i didA : i f d. t t h ith elenentary iron in
o ohosphor § €SP o R, B FR L RE Pl iaNs g cimalrad pcl he
range of 15Cerb i90eacpdeidthallgmentarerd Age e6mAPEHERIAREoNPAICBH) A%l ¥

preferably Id?\/é pgzg ange of 25C to 65C, and/or with intensive thorough
m Xi ng. 47 A process according to one of the preceding clains

characterised inthatlidhearceaehbesteds fide o dj ﬁoé%ﬂi&?ﬁapéaggo@ Fe?*
per f or ned togﬁher with elementary iron in a phosphoric aci d-'béaring
aqueous medi® ttoé"t'@&da) for 21 a period of 1 mn to 120 mn, preferably 5

mn to 60 mn, pastyLukiskiynP b iato 40 mn. 5. A,
process accor di ntho o_nea(lg%ntagéﬁ %cge%?gn%tg}géfen@h%%aﬁgé&3?'fjsae%qoﬁ‘st%fr t he
concent r at i alusiont teeopidigspitoni (@1)aii the solubienasne s (BT SithbshEYeH=Re BF%
preferably % 9 artrcularl referably 15%to 30% wth respect to
t he wei ght (%&/lg%gegaglﬁgﬁg[asg?ﬁé? 6HYH2% precipitatés:

2. A process according to claim 1 characterised in that precipitation
reagents are added to the phosphoric-acid aqueous solution to precipitate
solids from the solution and to separate same from the phosphoric-acid
aqueous Fe?* solution and/or metals dissolved in the phosphoric-acid
aqueous solution are electrolytically separated out of the solution.

3. A process according to one of the preceding claims characterised
in that the reaction of the oxidic iron compounds is performed together with
elementary iron in a phosphoric acid-bearing aqueous medium (step a) at a
temperature in the range of 15°C to 90°C, preferably in the range of 20°C

to 75°C, particularly preferably in the range of 25°C to 65°C, and/or with
intensive thorough mixing.

4. A process according to one of the preceding claims characterised
in that the reaction of the oxidic iron compounds is performed together with

elementary iron in a phosphoric acid-bearing aqueous medium (step a) for



6. A process according to one of the preceding clains characterised in that
the oxidation agent which is added to oxidise iron (Il) in the solution is
an aqueous sol ution of hydrogen peroxide (H202), Preferably in a
concentration of 15 to 50% by wei ght, particularly preferably 30 to 40% by
wei ght . 7. A process according t@lone of the preceding clains

characterised in. t he. oxi dation. agent ich is added to oxidise iron
(11) in the %cﬁé&fold;%%lé ”a”bé%eﬁ%@ Rl BFﬁfﬁ)\flﬁ\%}‘l% ML RN oRfEIGHarpur e
oxygen or ozpreferandy Bhiram ts4blmwn i nto the aqueous sol ution. 8. A

process according to one of the preceding clains characterised in that the
iron (I111) orthophosphate is separated fromthe aqueous solution after the

precipitation step A k8sP i eparat i eratjon
at el evated tenperat l'}?fg aSnd/%g‘frb&{m e?ﬁogfedcfﬁgfeg%%?;ergé%ﬁg,a @%Hﬁgﬂﬁagﬁerﬁq )
or t hophosphafethas theegpmcantraticer oft the phespipiri@btianinstrepagacans agwions is

di i kd, h i toof, 1 90%. b i ght 9. lLron
DY or e nophaoih8B2h FRRERIY Hook e ah%. P el Reetsraiuci 5% & ane,
10. Iron (Ilwkhoespeqittoshareigat ofthe rguEduS saiunch.characterised in that >

80% by wei ght, preferably > 90% by weight, particularly preferably > 95% by
wei ght of the iron (111) orthophosphate is present in the netastrengite |1

(phosphosi der i te)6.CA§?Egés§E&ét9‘dH{datcl) o ofgtg%gr%%edirhg%i g !:l)xar&cltenris[qqat at

ort hophosphat e _according to one of clains characterrse
| east in ond"dNAEHE BXIdationsaagntavishris peidedrty adisedran &il} én thd solution

preferably <<5 td arl ly < m~ Quite_particularly
preferably js 1%8 ﬁﬁ]ﬂje&% §09Hﬂi<%'-i %{fr %ﬁa{ﬁ??{? ére%%%%og_&%%&e q@é%?bsyndnt@ one
of clains 9 aomcentretianadtid ts&0% iyt walghitf phetscudarypkefdeasivt3o & 460, @i/ .
preferably > J@R g/l, particularly preferably > 1000 g/1 and/or a tanped
density > 600 rté‘ferably > 750 g/, particularly preferably > 1100 g/1.

13. Iron (111) orthophosphate according to one of clains 9 to 12
characterised in_that it has a content of sodium and potassi um of
respectively < 300 HPrPCesced@iosding to poe @pie peeasidig afdipspehefractarispd< 100

ppm and/ or i thastHe SKMHBAYR gt SMicRlis 4399 tBRTiqiRs &l e C’BII?J h 98 ,PBM

is a gaseous medium which is selected from air, pure oxygen or ozone and
which is blown into the aqueous solution.

8. A process according to one of the preceding claims characterised
in that the iron (III) orthophosphate is separated from the aqueous solution
after the precipitation step and is preferably dried after the separation
operation at elevated temperature and/or under reduced pressure, or the
iron (III) orthophosphate is prepared after the precipitation step as an
aqueous dispersion with a solids content of 1 to 90% by weight.

9. Iron (IIl) orthophosphate produced according to one of the
preceding claims.

10. Iron (III) orthophosphate according to claim 9 characterised in
that > 80% by weight, preferably > 90% by weight, particularly preferably
> 95% by weight of the iron (II1) orthophosphate is present in the
metastrengite II (phosphosiderite) crystal structure.



particularly preferably < 100 ppm and/or It has a nitrate content
of < 300 ppm preferably < 200 ppm particularly preferably < 100 ppm

and/ or it has a content of netals and transition netals, excluding
iron, of respectively < 300 ppm preferably < 200 ppm particularly
preferably < 100 ppm 14. Use of 22ron (I11) orthophosphate
according to one of the preceding clains for the production of LiFePO4
cat hode material for Li-ion batteries. _ - 15. LiFePO4 cathode
‘material for Li-ion bamt €IS riopHUE SHateS BRI t6 |dde Rprcqgm%hgs%@tﬁ)
according to one of the preceding clains. 16. An Li-1on battery

i ncl udi ng archarpeiengedaimsirt Fhtlerstain sneodinagsioo ¢l isi of B5mean primary
particle size < 1 um, preferably < 500 nm, particularly preferably < 300
nm, quite particularly preferably < 100 nm.

12. Tron (III) orthophosphate according to one of claims 9 to 11
characterised in that it has a bulk density > 400 g/l, preferably > 700 g/I,
particularly preferably > 1000 g/l and/or a tamped density > 600 g/l,
preferably > 750 g/l, particularly preferably > 1100 g/I.

13. Tron (III) orthophosphate according to one of claims 9 to 12
characterised in that

it has a content of sodium and potassium of respectively < 300 ppm,
preferably < 200 ppm, particularly preferably < 100 ppm and/or

it has a sulphur content of < 300 ppm, preferably < 200 ppm,
particularly preferably < 100 ppm, and/or

it has a nitrate content of < 300 ppm, preferably < 200 ppm,
particularly preferably < 100 ppm, and/or

it has a content of metals and transition metals, excluding iron, of
respectively < 300 ppm, preferably < 200 ppm, particularly preferably <
100 ppm.

14. Use of iron (III) orthophosphate according to one of the
preceding claims for the production of LiFePO. cathode material for Li-ion
batteries.

15. LiFePO4 cathode material for Li-ion batteries produced using iron
(I1I) orthophosphate according to one of the preceding claims.

16. An Li-ion battery including an LiFePO, cathode material according
to claim 15.



