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CLAIMS:

An O3/P2 mixed-phase sodium-containing doped layered oxide material which
comprises a mixture of phases, wherein a first phase has an O3-type structure and a
second phase has a P2-type structure; further wherein the O3/P2 mixed-phase
sodium-containing doped layered oxide material has the general formula:

Naa Ap Mc M24 M3,M*¢ M5, Ozss;

wherein:

A'is an alkali metal selected from at least one of lithium and potassium;
M' is one or more metals with an average oxidation state of 2+;

M2 is one or more metals with an average oxidation state of 4+;

M3 is one or more metals with an average oxidation state of 2+;

M+ is one or more metals with an average oxidation state of 4+; and
M5 is one or more metals with an average oxidation state of 3+;

wherein:

a>0;

a>b;

0.75 < (a+b) < 1.0;
0<c<0.5

at least one of d and fis > O;
e>0;

0=<g<0.5;

0<0=0.1,

wherein: a, b, ¢, d, e, f and g are chosen to maintain electroneutrality;

wherein the O3/P2 mixed phase sodium-containing doped layered oxide material
comprises 1 to 99 % of the first phase, and 99 to 1 % of the second phase, based on
the combined total number of moles of the first and second phases present in the

03/P2 mixed-phase sodium-containing doped layered oxide material;

and wherein the O3/P2 mixed-phase sodium-containing doped layered oxide material
is neither a material with the general formula Nag.s33Nio.317Mno 467MJo.100Ti0.11702 which
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comprises a mixture of phases in which a first phase has an O3-type structure and a
second phase has a P2-type structure, wherein the amount of the first phase is 63%
and the amount of the second phase is 37%, based on the combined total number of
moles of the first and second phases present in the O3/P2 mixed-phase sodium-
containing doped layered oxide material; nor a material with the general formula
Nao 95Nio 3167MnNo 3167MJo.1583 Tio 208302 Which comprises a mixture of phases in which a
first phase has an O3-type structure and a second phase has a P2-type structure,
wherein the amount of the first phase is 97% and the amount of the second phase is
3%, based on the combined total number of moles of the first and second phases in

the O3/P2 mixed-phase sodium-containing doped layered oxide material.

An O3/P2 mixed-phase sodium-containing doped layered oxide material according to

claim 1, selected from:

NaNio.400Mno 490Mdo.100 Tio.01002 (comprising 1% to 99% of a first phase with an O3-

type structure and 99% to 1% of a second phase with a P2-type structure);

Nao.95Nio.3167MnNo.3167MQo.1583 Tio. 208302 (comprising 1% to 99%, but not 97%, of a first
phase with an O3-type structure and 99% to 1%, but not 3%, of a second phase with

a P2-type structure);

Nao .g25Nio.4525MnNo 5275MJo.01 Tio.0102 (comprising 1% to 99% of a first phase with an O3-
type structure and 99% to 1% of a second phase with a P2-type structure);

Nao gs7 Nio.38sMnNo 467Mgo.05 Tio.1O2 (comprising 1% to 99 of a first phase with an O3-type

structure and 99% to 1% of a second phase with a P2-type structure);

Nao s33Nio.317MnNo.467Mgo.1Tio.11702 (comprising 1% to 99%, but not 63%, of a first phase
with an O3-type structure and 99% to 1%, but not 37%, of a second phase with a P2-

type structure);

Nao gNio.35sMno.4sMgo.os Tio.1202 (comprising 1% to 99% of a first phase with an O3-type
structure and 99% to 1% of a second phase with a P2-type structure);

Nag 77Nio28Mno 31Mgo 05 Tio 25F€0.1102 (comprising 1% to 99% of a first phase with an

O3-type structure and 99% to 1% of a second phase with a P2-type structure);
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Nao.77Nlio.22sMno.115Mgo.01 Tio.3sF€0302 (comprising 1% to 99% of a first phase with an
O3-type structure and 99% to 1% of a second phase with a P2-type structure);

Nao ss7Nio.333MnNo 467Mg0.1Tio. 102 (comprising 1% to 99% of a first phase with an O3-

type structure and 99% to 1% of a second phase with a P2-type structure);

Nao 33Nio.317Mno.417Mgo.05Tio.117C00.102 (comprising 1% to 99% of a first phase with an
O3-type structure and 99% to 1% of a second phase with a P2-type structure);

Nao ss7Nio.383MnNo 467Mgo.05Tio.1O2 (comprising 1% to 99% of a first phase with an O3-

type structure and 99% to 1% of a second phase with a P2-type structure);

Nao s5Nio.325Mno 525Mgo.100Tio0sO2 (comprising 1% to 99% of a first phase with an O3-
type structure and 99% to 1% of a second phase with a P2-type structure);

Nao g5Nio.325MnNg.40sMo.100 Tio.07602 (comprising 1% to 99% of a first phase with an O3-
type structure and 99% to 1% of a second phase with a P2-type structure);

Nao 77Nio.30sMno.51MJo.025Tio.05Al0.055C00.05502 (comprising 1% to 99% of a first phase
with an O3-type structure and 99% to 1% of a second phase with a P2-type structure;

Nao_77Nio_305Mn0_535Mgo_osti0_025A|0_055C00_055Oz (comprising 1% to 99% of a first phase

with an O3-type structure and 99% to 1% of a second phase with a P2-type structure;

NaNio.4Mno.4eMgo.1Tio.0102 (comprising 1% to 99% of a first phase with an O3-type
structure and 99% to 1% of a second phase with a P2-type structure);

Nao 77Nio.28Mno.51Mgo.05 Tio.05Al0.055C 0005502 (comprising 1% to 99% of a first phase
with an O3-type structure and 99% to 1% of a second phase with a P2-type

structure);

Nao s33F€0.200MnNo 483Mgo.0917CU022502 (comprising 1% to 99% of a first phase with an

O3-type structure and 99% to 1% of a second phase with a P2-type structure);

NaL.io.o5Nio sMno 525MJo.02sCUo.102 (comprising 1% to 99% of a first phase with an O3-

type structure and 99% to 1% of a second phase with a P2-type structure);

Nag 775Nio.3sMno 475 Tig 1Alo 07502 (comprising 1% to 99% of a first phase with an O3-

type structure and 99% to 1% of a second phase with a P2-type structure); and
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Nao 833Ca0.05Nio.3417MnNo 4417MJo.125 Tio.091702 (comprising 1% to 99% of a first phase
with an OS3-type structure and 99% to 1% of a second phase with a P2-type

structure);

Wherein the percentage values for each of the first and second phases are based on
the combined total number of moles of the first and second phases present in the
03/P2 mixed phase sodium-containing doped layered oxide material.

3. A process of preparing an O3/P2 mixed-phase sodium-containing doped layered

oxide material according to either of claims 1 or 2, comprising the steps:

i) forming a mixture of precursor materials to provide metal atoms in the
stoichiometric ratios that are present in the O3/P2 mixed-phase
sodium-containing doped layered oxide material of the general
formula; and

ii) heating the resulting mixture of precursor materials at a temperature of
at least 500°C to yield the O3/P2 mixed-phase sodium-containing
doped layered oxide material,

wherein the mixed phase sodium-containing doped layered oxide material

comprises a mixture of phases in which a first phase has an O3-type

structure and a second phase has a P2-type structure, wherein the amount of
the first phase is 1 to 99 % and the amount of the second phase is 99 to 1 %,
based on the combined total number of moles of the first and second phases
present in the O3/P2 mixed-phase sodium-containing doped layered oxide

material;

wherein the process does not involve either:

i) forming a mixture of precursor materials which provide metal atoms in
the stoichiometric ratios that are present in an O3/P2 mixed-phase sodium-
containing doped layered oxide material with the formula
Nao g33Nio317MnNo.467MJo.100Tio.11702 and

ii) heating the resulting mixture at 900°C for 10 hours to produce a O3/P2
mixed-phase sodium-containing doped layered oxide material which
comprises a mixture of phases in which a first phase has an O3-type structure
and a second phase has a P2-type structure, wherein the amount of the first
phase is 63% and the amount of the second phase is 37%, based on the
combined total number of moles of the first and second phases present in the
03/P2 mixed-phase sodium-containing doped layered oxide material;
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or

i) forming a mixture of precursor materials which provide metal atoms in
the stoichiometric ratios that are present in an O3/P2 mixed-phase
sodium-containing doped layered oxide material with the formula
Nao 95Nio.3167MnNo 3167Mgo.1583 Tio 208302 and

ii) heating the resulting mixture at 900°C for 4 minutes to produce a

0O3/P2 mixed-phase sodium-containing doped layered oxide material
which comprises a mixture of phases in which a first phase has an O3-
type structure and a second phase has a P2-type structure, wherein
the amount of the first phase is 97 % and the amount of the second
phase is 3%, based on the combined total number of moles of the first
and second phases present in the O3/P2 mixed-phase sodium-
containing doped layered oxide material.

A process according to claim 3 for preparing O3:P2 mixed-phase sodium-containing

doped layered oxide materials selected from:

NaNio.400Mno.490Mgo.100 Tio.01002 (comprising 1% to 99% of a first phase with an O3-
type structure and 99% to 1% of a second phase with a P2-type structure);

Nao_gsNio,31e7Mno,3157Mgo,1583Tio_203302 (comprising 1% to 99%, but not 97%, of a first
phase with an O3-type structure and 99% to 1%, but not 3%, of a second phase with
a P2-type structure);

Nag 925Nio.4525MnNo.5275Mo.01 Tio.0102 (comprising 1% to 99% of a first phase with an O3-

type structure and 99% to 1% of a second phase with a P2-type structure);

Nao.se7 Nio.383Mno.467Mgo.05Tio.102 (comprising 1% to 99 of a first phase with an O3-type
structure and 99% to 1% of a second phase with a P2-type structure);

Nag g33Nio 317MnNo 467Mgo.1Tio.11702 (comprising 1% to 99%, but not 63%, of a first phase
with an O3-type structure and 99% to 1%, but not 37%, of a second phase with a P2-

type structure);

Nao gNio.35Mno.4sMgo.0s Tio.1202 (comprising 1% to 99% of a first phase with an O3-type
structure and 99% to 1% of a second phase with a P2-type structure);

51



20

25

WO 2019/197812 PCT/GB2019/051022

Nao.77Nio.28Mno31Mgo.os Tio2sF€0.1102 (comprising 1% to 99% of a first phase with an
O3-type structure and 99% to 1% of a second phase with a P2-type structure);

Nag 77Nio225Mno 115MJo.01Tio 35F€0302 (comprising 1% to 99% of a first phase with an

O3-type structure and 99% to 1% of a second phase with a P2-type structure);

Nao 867Nio.333MnNo.467Mgo.1 Tio.1O2 (comprising 1% to 99% of a first phase with an O3-
type structure and 99% to 1% of a second phase with a P2-type structure);

Nao g33Nio 317Mno 417Mgo.05Tio.117C00.102 (comprising 1% to 99% of a first phase with an

O3-type structure and 99% to 1% of a second phase with a P2-type structure);

Nao ss7Nio.383MnNo.467Mgo.05Tio.1O2 (comprising 1% to 99% of a first phase with an O3-
type structure and 99% to 1% of a second phase with a P2-type structure);

Nao g5Nio.325MnNg 525MJo.100Tio.0s02 (comprising 1% to 99% of a first phase with an O3-
type structure and 99% to 1% of a second phase with a P2-type structure);

Nao.s5Nio.325Mno.406Mgo.100Tio.07602 (comprising 1% to 99% of a first phase with an O3-
type structure and 99% to 1% of a second phase with a P2-type structure);

Nao_77Nio_305Mno_51Mgo_ostio_o5A|o_ossCOo_osst (comprising 1% to 99% of a first phase

with an O3-type structure and 99% to 1% of a second phase with a P2-type structure;

Nao 77Nio.305Mno.535MJo.025 Tio.025Al0.055C00.05502 (comprising 1% to 99% of a first phase
with an O3-type structure and 99% to 1% of a second phase with a P2-type structure;

NaNio.4Mno.4eMgo.1Tio.0102 (comprising 1% to 99% of a first phase with an O3-type

structure and 99% to 1% of a second phase with a P2-type structure);

Nao_77Nio_zaMno51Mgo_o5Tio_05A|o_o5500005502 (comprising 1% to 99% of a first phase
with an O3-type structure and 99% to 1% of a second phase with a P2-type

structure);

Nao.g33F €0.200MNo.48sMJo.0917CU0 2250, (comprising 1% to 99% of a first phase with an

O3-type structure and 99% to 1% of a second phase with a P2-type structure);

NaLio 05Nio.3Mno 525Mgo.025CU0.1O2 (comprising 1% to 99% of a first phase with an O3-

type structure and 99% to 1% of a second phase with a P2-type structure);
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Nao 775Nio.3sMng 475 Tio. 1Al 07502 (comprising 1% to 99% of a first phase with an O3-

type structure and 99% to 1% of a second phase with a P2-type structure); and

Nag g33Cao.05Nio.3417MnNo 4417MJo.125 Tio.0901702 (comprising 1% to 99% of a first phase
with an O3-type structure and 99% to 1% of a second phase with a P2-type
structure);

wherein the percentage values for each of the first and second phases are based on
the combined total number of moles of the first and second phases present in the

0O3/P2 mixed phase sodium-containing doped layered oxide material.

. An energy storage device comprising one or more O3/P2 mixed-phase sodium-

containing doped layered oxide materials according to either of claims 1 or 2.

. An energy storage device according to claim 5 selected from a battery, a

rechargeable battery, an electrochemical device and an electrochromic device.

. An electrode comprising one or more O3/P2 mixed-phase sodium-containing doped

layered oxide materials according to either of claims 1 or 2.
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